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INTRODUCTION 
The addition of small quantities of antibiotics and other 
chemical substances to animal feeds for the purpose of promot­
ing growth or controlling disease has become a widespread 
practice in recent years. The diversity of the substances 
which have been added is so great, in fact, that the matter 
of possible detrimental effects on the animals consuming these 
materials has become a real problem in some cases. The pos­
sible health hazards for man as a consumer of meat, milk and 
eggs from animals receiving certain feed additives has also 
become a matter of concern. The interrelationships involved 
in the processes of growth and production of animals are such, 
however, that the possibility remains for further increasing 
their over-all efficiency. It is quite probable that there 
will be numerous attempts in the future to accomplish this by 
use of various feed additives. 
A tremendous number of investigations have been conducted 
on the effect of dietary levels of various antibiotics on the 
growth and well—being of farm animals. Considerable research 
has also been done, particularly with non-ruminants and poul­
try, in an attempt to explain the mechanism(s) by which anti­
biotics exert their growth-promoting effects. The main pur­
pose of the present experiment was to obtain additional in­
formation relative to the possible mode of action of anti­
biotics in the ruminant animal. 
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The data relative to antibiotics as growth stimulants 
for dairy cattle were reviewed by Lassiter (80) in 1955. The 
data which had been reported on the effect of antibiotics on 
the digestibility of various ration components by dairy calves 
appeared to be contradictory and inconclusive. The reports 
on the influence of certain antibiotics on blood levels of 
reducing sugar and nonprotein nitrogen were suggestive but 
limited in number. Also, direct evidence that chlortetra­
cycline feeding results in increased skeletal development 
which parallels the increase in weight gains of dairy calves 
had been presented by Rusoff est aL. (135), who suggested 
that bone metabolism might be the area in which this anti­
biotic exerts its effect. This indicated an area which 
seemed worthy of further investigation. The specific objec­
tives of the present experiment, therefore, were to study 
the effect of chlortetracycline on calcium utilization by the 
dairy calf, on the digestibility of certain ration components 
at different ages, on the blood levels of reducing sugar and 
nonprotein nitrogen, and on bone growth during a specified 
period of the calf's life. 
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REVIEW OF LITERATURE 
A large number of investigations dealing with the effects 
of adding various antibiotics to animal feeds have been re­
ported since 1950. Several excellent reviews ha.ve appeared 
on various aspects of the subject, including those of Reid 
et al. (127) and Lassiter (80) dealing with ruminants, that of 
Braude et al- (19) relative to antibiotics in swine nutrition 
and tnose of MlekeIsen (107) and Hines (52) which include 
data on the effects on human subjects. Also, Stokstad (145, 
146), Braude et al. (18), Jukes and Williams (69) and Jukes 
(68) have reviewed nearly all aspects of the subject and have 
dealt exhaustively in some cases with the problem of mode of 
action of antibiotics in promoting growth- More, recently, 
certain aspects of the subject have also been reviewed by a 
group of workers (83). 
Effect of Antibiotics on Growth and Feed Effciency 
Effect on various classes of 
livestock and poultry 
Dairy calves- The reviews of Reid et al. (127) and Las­
siter (80), which cover work reported up to about 1954 and 
1955, respectively, show that the addition of chlortetracy-
cline or oxytetracycline to the ration of dairy calves gen­
erally results in a growth response of about 10 to 30% over 
unsupplemented controls, whereas the addition of penicillin 
has, in many cases, reduced weight gains to some extent. On 
the other hand, a mixture of bacitracin and penicillin hss 
been observed to produce a growth response - Lassiter (80) 
also cited a limited number of experiments in which strep­
tomycin, terramycin, bacitracin, and chloramphenicol sup­
plementation improved weight gains. 
The data reported on the efficiency of feed utilization 
indicate, in general, that all of the antibiotics studied, 
with the possible exception of penicillin, reduce to some 
extent the amount of feed necessary to produce a given amount 
of weight gain. This result would be expected, however, as 
was pointed out by Braude et al. (18), since a faster growing 
animal would use a relatively smaller proportion of the in­
gested ration for body maintenance. 
More recently, Patchell (116), Land agora et al. (77, 78), 
Wing (166), MacPadden and Richards (97) and Pritchard et al. 
(120) have reported on experiments in which chlortetracycline 
produced a definite growth response in.calves, while Marshall 
et al. (99), Roy et al. (133), Reed sud Velu (126), Logan et 
al. (91) and Swanson et al- (147) have reported little or no 
advantage in weight gains due to this antibiotic- Some of 
the possible reasons for the differences in response will be 
discussed in a later section. 
Recent reports have also indicated some variability with 
respect to the growth promoting effects of oxytetracycline. 
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Radisson et al. (125) reported an increase in weight gains of 
33# due to the addition of oxytetracyc1ine to the ration at 
the rate of 100 mg. per 100 lb. body weight, and Owen et si. 
(115) reported average gains of 55# and 35# in two separate 
experiments, due to feeding oxytetracycline up to 12 weeks of 
age. On the other hand, Pritchard et al. (121) and Lassiter 
et al. (81) found only a slight increase in gains due to oxy­
tetracycline . 
Rogue et al• (54) found that both chlortetracycline and 
streptomycin, but not a mixture of bacitracin and penicillin, 
were effective in increasing the growth rate of calves on a 
low-milk feeding regime ( 175 lb- milk over a 5-week period), 
while all three antibiotic treatments were ineffective in pro­
moting growth at a high level of milk feeding (350 lb. milk 
over a 7-week period). Bartley et al- (9) and Rusoff et_ si. 
(137) have also reported slight stimulation in weight gains 
due to streptomycin. In the experiment by Owen et al. (115) 
referred to above, bacitracin gave a growth response of 126#, 
chloramphenicol 111#, and penicillin 86# of the values for 
control calves. 
Beef cattle. The number of reports on the use of anti­
biotics in beef cattle rations have been relatively few. 
Cunha- (28) and Jukes (68) summarized the available informa­
tion in 1955, indicating that chlortetracycline increases the 
growth rate of calves and that it might increase rate of gain 
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and feed efficiency in fattening steers. Since that time, 
Erwin et al. (-30) and Perry et al. (11?) have reported in­
creased weight gains in beef steers receiving chlortetracy-
cline, while Bohman et al. (16) obtained variable results due 
to its inclusion in the ration of fattening steers. G-algan 
and Ensminger (38) found that oxytetracycline st the rate of 
25 mg. per 100 lb. body weight improved the gains of beef 
calves for the first 28 days but had no effect thereafter. 
Also, Dyer e_t al- (29b) reported recently that 5 mg. of oxy­
tetracycline per pound of feed increased the rate of gain of 
beef steers. 
Lambs. The experimental work on feeding antibiotics to 
lambs has been limited mostly to chlortetracycline, although 
Jukes (68) cites a few trials wherein penicillin^and/or oxy­
tetracycline were also included. The results obtained with 
chlortetracycline were variable, and the limited data on oxy­
tetracycline and penicillin show little, if any, beneficial 
effect from adding them to lamb rations. More recently, 
Johnson et si. (62) and McGowan et_ al. ( 102) have reported 
that the weight gains of lambs were increased by the addition 
of 10 mg. chlortetracycline per pound of feed, whereas Kunkel 
et al. (75), Jordan (65) and Jordan et al. (64) found no 
appreciable increase in weight gains due to its inclusion in 
the ration. Beeson et al. (12) found no effect on growth 
rate due to subcutaneous implantation of bacitracin, baci-
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tracin plus penicillin or chlortetracycline in lambs. Sim­
ilarly, Rob ert st ad et_ al. (131) found no beneficial effect on 
weight gains of lambs due to implantation of bacitracin alone 
or in combination with penicillin and neomycin. 
Swine. The results of feeding antibiotics to swine were 
exhaustively reviewed in IS53 by Braude et al- (IS) and also 
summarized in 1955 by Cunha (28). In general, it may be stated 
that certain antibiotics increase growth rate an average of 
10 to 20#, and bring about an improvement in feed efficiency 
of about 5%. It has been shown that chlortetracycline and 
oxytetracycline are more effective than penicillin, bacitracin 
or streptomycin in improving the growth rate of swine, and 
there is some doubt as to whether combinations of antibiotics 
are more useful than one of the more effective ones alone. 
Neomycin, subtilin, rimocidin, polymixin and chloromphenical 
have not been found to be of any benefit in swine rations. 
The beneficial effects of chlortetracycline in swine 
rations have been confirmed recently by a number of workers 
(3, 4, 11, 15, 17, 39, 51, 60, 92, 150) although some reports 
(60, 144b, 161) have appeared in which this antibiotic did 
not produce any appreciable growth response under the particu­
lar experimental conditions imposed. Recent reports (33, 45, 
150) on the effect of adding penicillin to swine rations have 
been somewhat contradictory; however, favorable results have 
been reported (11, 158) with a. mixture of penicillin and 
s 
streptomycin. 
Poultry. A tremendous number of reports have appeared 
relative to the effect of antibiotics on vhe growth of 
chickens and turkeys. In reviewing the work in this area, 
Jukes (63) made the observation that 
Both chickens and turkeys readily tolerate the 
commonly-used antibiotics over a wide range of 
dosage and under most conditions significant im­
provements in growth rate, usually ranging from 
5 to 20# higher than the controls, and efficiency 
of feed conversion take place during the growing 
period. 
Chlortetracycline, oxytetracycline, penicillin and bacitracin 
have been most effective, while other antibiotics—strepto­
mycin, chloramphenicol, polymyxin, neomycin, erythromycin, 
tyrothricin and gramicidin, have been found to be either less 
effective or inert- In general, combinations of the effective 
antibiotics have been no more beneficial in poultry rations 
than a particular antibiotic used singly. 
Levels of antibiotics used 
to obtain growth responses 
It is evident from the reviews of Reid et al. (127) and 
Lassiter (80) that the levels of chlortetracycline and oxy­
tetracycline fed to dairy calves vary widely. The latter 
author concluded, however, that the minimum effective level 
of chlortetracycline, and probably of oxytetracycline, for 
young dairy calves is approximately 15 to 20 mg. per 100 lb. 
body weight daily. In several more recent reports (S, 77, 
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78, 97, 115, 115, 120, 166) in which a definite growth re­
sponse was obtained with chlortetracycline, the level of anti­
biotic used varied from about 30 to 100 mg. per day, while in 
other trials (81, 91, 99, 126) where little or no growth re­
sponse was obtained, the level varied from 12 to 50 mg. chlor­
tetracycline daily• Hogue et al. (54) found no difference, 
however, between 10, 20 and 40 mg. levels of chlortetracycline 
or streptomycin for increasing the performance of calves on 
a low-milk feeding regime. Streptomycin has been used at 
levels of about 30 to. 90 mg. per day by other workers (9, 
137). 
It appears (68) that a level of chlortetracycline of 10 
to 25 mg. per 100 lb. body weight daily has proven satisfac­
tory for beef animals - Recently, Perry et al. (117) and 
Bohman et al. (16) reported feeding chlortetracycline to 
beef calves at the rate of 80 and 70 mg. per day, respective­
ly. Other workers (38, 29b) have used oxytetracycline at 
either 5 mg. per pound of feed or 25 mg. per 100 lb. body 
weight. 
The experimental work with lambs, summarized by Jukes 
(68), indicates that a level of about 10 mg. per pound of 
ration gives satisfactory results. However, high dosage with 
antibiotics has been observed to cause digestive disturbances 
in lambs. 
Braude et_ al- (19) summarized the data relative to level 
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of antibiotic feeding in swine and noted that the majority of 
the tests with the various antibiotics had been carried out 
using the following levels per pound of ration: chlortetra­
cycline, 4-5 to 10 mg.; penicillin, below 5 mg.; strepto­
mycin, 10 to 25 mg.; and oxytetracycline, 5 mg. Also, Cunha 
(28) noted that a level of 5 mg. of antibiotic per pound of 
total ration or 25 mg. per pound of a protein supplement is 
generally considered sufficient, although a higher level might 
be necessary under some circumstances• The levels of chlor­
tetracycline used in experiments reported recently (4, 11, 
15, 17, 59, 60, 158) have varied from 5 to 50 mg. per pound 
of ration, depending to some extent on the stage of the life 
cycle. 
Taylor and Rowell (150) recently reported a study involv­
ing 279 pigs in which they sought to determine the influence 
of level of antibiotic feeding on growth response- Their 
results suggest that the improvement in growth rate and feed 
conversion increases with the dose level of penicillin or 
chlortetracycline, at least within the range of 2 to 256 gm. 
per ton of ration. 
The antibiotics useful in poultry rations evidently exert 
their effects when fed at levels of 2 to 10 p.p.m. of diet 
(68).  
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Effect of type of ration 
Dairy calves have "been observed (SO, 127) to respond to 
antibiotic supplementation when raised on a wide variety of 
dietary regimes, although some differences have been observed 
due to the type of protein used in the calf starter. However, 
Hibbs _et al. (49) reported that variations in the hay to grain 
ratio (4:1, 3:2, and 2:3) for calves raised on a high roughage 
system had no effect upon the response obtained from chlor­
tetracycline . On the other hand, the data presented by Swan-
son et al. (147) and Hogue et al- (54) leave serious doubt as 
to whether there is any advantage to be gained from antibiotic 
feeding with a liberal milk feeding regime unless digestive 
disorders or some disease condition is present. 
According to Jukes (68), greater responses to antibiotic 
feeding are obtained with beef cattle when the animals are on 
rations high in roughage; however, there appears to be no 
readily available explanation as to why this should be the 
case. 
In the case of swine, Cunha (28) has pointed out that 
the antibiotic effect is materially influenced by the type of 
ration fed. Other factors being equal, it has been found that 
pigs fed a ration with better over-all nutrient balance will 
respond less to antibiotics than those fed a poorer ra.tion. 
Even on good rations variation in response occurs depending 
on the feeds used in the ration. 
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Responses to antibiotics have been obtained with poultry 
. on a wide variety of diets; however, McGinnis (101) has pointed 
out that nutritional deficiencies, due to a deficit of vita­
mins, protein or energy, tend to increase the response ob­
tained from antibiotic supplementation-
Effect of age of animal 
The majority of the evidence (80) indicates that the anti­
biotic growth stimulation in dairy calves occurs mostly during 
the first 8 weeks of life, and that in many cases the weight 
advantage is lost over a period of a few months. There are 
some reports ( S, -35, 53), however, which indicate that the 
growth advantage due to antibiotic feeding is at least main­
tained until the animals are approximately one yeaj? of age. 
There is also substantial evidence (19, 23) that the 
greatest beneficial effect to be obtained from adding anti­
biotics to swine rations occurs during the early growth period. 
Mode of"administration 
The most common and practical method of administering 
antibiotics to animals is that of including it in the feed; 
however, some experiments have been conducted in which 
parenteral administration was used. Rusoff et al. (1-34, 135) 
reported substantial growth responses in dairy calves from 
intramuscular injections of 400 mg. of chlortetracycline week­
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ly. On the other hand, Richardson et al. (128) failed to 
obtain growth response in calves given 60 mg. of chlortetra­
cycline weekly either by intramuscular Injection or sub­
cutaneous implanatation, while daily oral administration of 
either 70 or 250 mg. resulted in increased growth during the 
4-week trial. In more recent experiments, the Louisiana 
workers (77, 78) have also observed a significant increase 
in growth rate and efficiency of feed utilization due to 
intramuscular injection of 400 mg. chlortetracycline weekly. 
Several recent reports (34, 45, 148, 151-152, 160) indi­
cate that subcutaneous implantations of bacitracin, chlorte­
tracycline, or penicillin have no beneficial effect on the 
growth or survival of pigs from birth to weaning. Similarly, 
it has been shown (12, 66, 131) that subcutaneous implanta­
tions of suckling lambs with chlortetracycline, bacitracin, 
or bacitracin in combination with penicillin and neomycin 
has no beneficial effect on growth. 
Theories Which Have Been Advanced to Explain 
the Mode of Action of Antibiotics 
The theories proposed for explaining the mechanism by 
which antibiotics cause growth promotion in animals fall gen­
erally into two groups. The first, and perhaps the most 
widely held, theory suggests that the effects of the anti­
biotics are mediated exclusively through their action on the 
intestinal microflora. The various aspects of this concept 
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have been developed by many workers and have been elaborated 
upon particularly by Jukes and Williams (69), Stokstad (146) 
and Jukes (68). Some of the suggestions as to means by which 
an antibiotic may influence the intestinal flora and thereby 
promote the growth of an animal include the following: 
a. Inhibition or destruction of organisms which 
produce subclinical infections or toxic substances 
which tend to depress growth. 
b. Production of an increase in the number or activ­
ity of organisms which synthesize certain known 
or unknown vitamins or growth factors which are 
eventually made available to the host-. 
c. Inhibition of organisms which compete with the 
host for available nutrients. 
The other theories which have been advanced to explain 
the mode of action suggest that antibiotics function primarily 
through a systemic effect on the animai, altering either the 
absorption or utilization of nutrients. Some of the mechan­
isms suggested by various authors (21, 23b, 58, 82, 135, 157) 
to explain such an effect include: 
a. Stimulation of the anterior pituitary gland 
resulting in increased production of growth 
hormone. 
b. Alteration of the basal metabolism of the animal, 
due to an effect on the thyroid gland-
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c. Increased absorption of various nutrients due to 
changes in the permeability of the small intes­
tine. 
d. Increased production of certain digestive enzymes 
by the pancreas. 
e. Alteration in the nitrogen metabolism of the 
animal resulting in more rapid deposition of 
absorbed nitrogen. 
f. Increase in the appetite of the animal causing 
increased feed consumption and thus a faster rate 
of growth. 
The evidence which has been presented either to support 
or to disprove the various theories which have been suggested 
is presented in the sections which follow. 
Nutrient Sparing Action of Antibiotics 
Vitamin soaring action 
It is well established that under certain conditions 
oral administration of antibiotics may reduce the dietary 
requirements of chickens, swine and some laboratory animals 
for certain B-complex vitamins. This may be demonstrated by 
feeding graded amounts of specific vitamins in an otherwise 
adequate ration both with and without the antibiotic. Growth 
responses to the antibiotic at low levels of the vitamin in 
excess of those obtained with an adequate amount of the vita-
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min indicate the "sparing" effect. Also, demonstration of 
increased blood levels or increased liver storage of the vita­
min due to antibiotic feeding has been used by some workers 
as a criterion for this action. 
Combs (26) has summarized the effects of antibiotics on 
the B-vitamin requirements of chicks. Thus, it has been shown 
that chlortetracycline spares riboflavin and thiamin, while 
the reports regarding its effect on niacin, folacin and vita­
min B]_2 are contradictory. Penicillin has been shown to have 
a sparing effect on biotin, folacin, pantothenic acid and 
riboflavin while its effect on thiamin and niacin are uncer­
tain. Also, there is some indication that oxytetracycline 
spares riboflavin and biotin, while its effect on the require­
ment of vitamin B^g is uncertain. 
It is difficult to tell whether the effect of antibiotics 
on certain vitamin requirements are the result of improved 
bacterial synthesis, reduced utilization or destruction of 
the essential nutrient or increased absorption. That more 
than one of these factors may play a part simultaneously is 
indicated, moreover, by the report of Jenkins et al. (59) 
who used radioactive cobalt to study the effects of several 
antibiotics on the synthesis of vitamin B-^g in the gastro­
intestinal tract of the chick fed a B-,9-free diet. These 
workers concluded that antibiotics may exert an appreciable 
effect upon utilization of B^g as well as upon the site and 
17 
xrate of synthesis. 
? 
Relatively few investigations have been reported on the 
effect of antibiotics on the vitamin requirements of swine, 
although some evidence that such an interrelationship exists 
has been reported. Catron et_ al. (23a) reported that chlor­
tetracycline has a sparing effect on both vitamin B]_g and 
pantothenic acid. Similarly, a recent report by McKigney et 
al» (105) indicated that chlortetracycline at the level of 
10 mg. per pound of ration has a sparing effect on the dietary 
pantothenic acid requirement of weanling pigs. Stokstad (146) 
and Jukes (68) have also cited other reports, some of which 
indicate a sparing action by antibiotics on some of the B-
vitamin requirements of swine. 
Several reports cited by Braude _et al. (18) and also 
other reports (63, 139) which have appeared more recently 
indicate that antibiotics may exert a sparing effect on cer­
tain B-vitamins in rats. Moreover, the latter reports indi­
cate that the mechanism for this vitamin-sparing action is by 
means of increased intestinal synthesis of the vitamins con­
cerned. Mameesh et al. (98) have reported, however, that 
penicillin was ineffective in altering the thiamine require­
ment of the rat. 
Protein sparing action 
Combs (26) noted that while reports have varied as to 
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whether antibiotic feeding enhances the efficiency of protein 
utilization by chickens and turkeys, it would appear that 
under certain conditions lower protein levels are satisfac­
tory when antibiotics are fed. More recently, West and Hill 
(163, 164) have reported on studies with broilers involving 
a total of more than 1,400 chicks and have concluded that 
in the presence of certain antibiotics (chlortetracycline, 
oxytetracycline, bacitracin and penicillin); optimal growth 
and feed efficiency were obtained with two percentage units 
less protein in the ration than was needed without an anti­
biotic . 
A number of reports (20, 60, 68, 100) have appeared which 
indicate, in general, that from 2 to 4# less protein is needed 
in swine rations fortified adequately with one of the effec­
tive antibiotics- Other workers (68, 104, 105, 162) have 
failed to substantiate this finding, and Meade (104) sug­
gested that an antibiotic might spare protein indirectly by 
virtue of increasing the feed intake of pigs fed diets con­
taining lower levels of protein. Meade and Forbes.(105) had 
observed earlier that pigs consuming more total feed were 
able to utilize their nitrogen more efficiently for body 
gains as evidenced by significant increases in nitrogen reten­
tion due to increased level of feed intake. 
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Effects on Microorganisms of the Gastrointestinal Tract 
Changes in microorganisms in the 
digestive tract of dairy animals 
Lassiter (SO) has reviewed the earlier work relative to 
the effect of antibiotics on rumen microorganisms and has 
noted that, in general, very little difference has been ob­
served by most workers as far as changes in the microbial 
population of the rumen are concerned. Perhaps one of the 
more.significant observations has been that of Eibbs et al. 
(49) who noted that some of the "hay group" organisms failed 
to become well established in the rumen of chlortetracycline-
fed calves up to 12 weeks of age. This observation is no 
doubt a partial explanation for the changes noted by other 
workers (72, 90, 123) in in vitro cellulose digestion by 
organisms from antibiotic-fed calves. Evidence has been 
presented, however, by Lodge et al. (90) and by Hungate et 
al» ( 56a) to indicate that the rumen organisms may become 
adjusted to the presence of chlortetracycline in the ration. 
The former authors noted the emergence of strains of Pseudo-
monas and Monllia having the ability to inactivate this anti­
biotic . 
The data which have been reported indicate that neither 
chlortetracycline, oxytetracycline nor bacitracin has any 
consistent effect on the intestinal microflora of the calf 
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as far as total numbers or types are concerned. Radisson et 
al. (125) found no marked difference in total and coliform 
counts due to feeding of oxytetracycline. A significant de­
crease was observed, however, in the numbers of enteric 
streptococci, and antibiotic sensitivity assays indicated 
an increase in resistant strains of coliforms and enteric 
streptococci in the feces. Moreover, the normal metabolism 
of the enteric streptococci appeared to be impaired by the 
oxytetracycline both in vivo and in vitro. Radisson et al. 
(124) also sought to determine the significance of the ob­
served increased resistance of bacteria to antibiotics by 
determining their virulence in terms of their sensitivity to 
phagocytosis in vitro. The phagocytic activity of the leuco­
cytes of calves was also determined by their ability to phago­
cytic bacteria in vitro• The oral administration of chlor­
tetracycline did not materially affect the phagocytic activ­
ity of the leucocytes of the calves; however, bacteria iso­
lated from the feces of calves receiving chlortetracycline 
were more sensitive to phagocytosis than bacteria from con­
trol calves. Furthermore, the phagocytic sensitivity was 
further increased when bacteria were grown in vitro in the 
presence of sub-bacteriostatic concentrations of the anti­
biotic. These authors emphasized that caution must be used 
in drawing conclusion s from bacteriological data obtained in 
such investigations, and indicated that the changes in physi­
21 
o logic al activity of the bacteria may be the more important 
effect of antibiotics. Freerksen (37) has also pointed out 
that the results of studies on the "re-distribution" of types 
of microflora due to antibiotic feeding have been fairly 
contradictory and often not repeatable. 
The Louisiana workers (78, 135) have held that at least 
part of the growth response from antibiotic feeding may be due 
to action on the endocrine glands. In one paper, Rusoff et 
al. (135) sought to rule out the intestinal tract as the 
site of action of antibiotics by the fact that only small 
quantities of chlortetracycline were found in the intestinal 
tract following intramuscular injection, although a substan­
tial growth response was obtained. Rusoff et_ al. (135, 136) 
had determined the amount of chlortetracycline present in the 
intestinal tract and other organs after oral administration 
of 50-90 mg. and after intramuscular injection of 400 mg. of 
the antibiotic. No detectable amount of antibiotic was found 
in the rumen following intramuscular injection. Radisson et 
al» (122), on the other hand, found small quantities of chlor­
tetracycline in the saliva of calves for several hours fol­
lowing injection of 2 g. intramuscularly. Some workers (37, 
68) believe, moreover, that the amount of injected antibiotics 
which are excreted into the digestive tract are sufficient to 
produce a growth response. 
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Changes in the Intestinal flora of swine 
There appears to be little consistency in the reports 
that have appeared on the effect of antibiotics on the micro­
bial population of the intestinal tract of swine. Jukes (68) 
and Braude et_ al. (18, 19) have cited the data available which 
show that in some cases the total bacterial count is increas­
ed, whereas in other studies specific organisms, i.^e -, E. 
Coli, Lactobacilli, aerobes or anaerobes were either decreased 
or increased. Braude et_ al. (19) concluded that the bacteri­
ological methods available are not adequate to adequately 
study the changes in the diverse flora of the intestinal tract 
that might result from antibiotic additions to the ration. 
The work by Larson and Hill (79) on pigs obtained by 
hysterectomy and raised in individual units with no contact 
with other pigs in early life appears noteworthy in this con­
nection. These workers observed that fluctuations in intes­
tinal flora occur frequently and that a variation in numbers 
of organisms may not necessarily represent a response to the 
experimental conditions imposed. They concluded, moreover, 
that in order to attach significance to fluctuations in 
intestinal microflora of animals fed diets supplemented with I  
antibiotics, many examinations are necessary to establish a 
consistent pattern-
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Effects on intestinal microflora of poultry 
Combs (26) has recently compiled the results obtained in 
a number of studies on the effects of antibiotics on the 
changes in the intestinal and cecal contents of poultry. 
Wide variations exist in the many reports available; however, 
it is apparent that severs! workers have noted changes in the 
coliform, lactobacillus and enterococcus groups of organisms. 
Sieburth et_ al. (140) have indicated that variations in 
apparent numbers and types of bacteria in the intestinal tract 
may result from the use of different basal diets, bacteri­
ological procedures, age of birds studied, and types and 
levels of antibiotics- In fact, their results showed marked 
differences in the cecal and fecal microflora from day to 
day, and they also pointed out that the cecal and fecal micro­
flora do not necessarily reflect changes in the anterior seg­
ments of the intestinal tract. Some workers (109, 167) have 
attributed the folic acid-sparing effect of antibiotics to 
an observed increase in coliform organisms in the small in­
testine of chicks. 
The results of several workers, cited by Combs (26), 
have shown that feeding cultures of certain coliform organisms 
improved the growth of chicks and poults. Inconsistent re­
sults have been obtained, however, with respect to growth 
depression in chicks resulting from feeding of Clostridia. 
More recently, Anderson £t al. (1) observed a depression in 
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growth when a viable culture of hemolytic enterococci was 
fed- The reduction in growth was accompanied by an increase 
in numbers of enterococci in the ceca and a decrease in 
coliforms. Addition of chlortetracycline to the diet over­
came the reduction in growth and reduced the number of entero­
cocci in the digestive tract. 
Effect of Disease Level on Response to Antibiotics 
The concept that antibiotics promote the growth of animals 
largely by virtue of suppressing .the disease level was initial­
ly proposed by Catron (22), on the basis of his observations 
with swine. Soon afterwards, Bartley et al. (7) and Coates 
et al. (24) advocated the same idea on the basis of their 
observations with dairy calves and chickens, respectively. 
This concept has since been reiterated by many workers and 
also enlarged upon in some cases to include "subclinical" 
conditions not ordinarily thought of as disease. 
Since the report of Bartley et al. (7) on the marked 
reduction in the incidence of diarrhea in dairy calves due to 
feeding an A.P.F. concentrate containing chlortetracycline, 
many other workers have confirmed the beneficial effects of 
antibiotics for preventing or controlling diarrhea in calves. 
These findings have been summarized by Lassiter (80) who 
points out also that in many instances growth responses have 
been obtained with dairy calves even though diarrhea or other 
25 
recognizable disease was not a problem. This, of course, 
would not invalidate the "disease level" theory since sub­
clinical infections may have been present. The reports of 
KacFadden and Richards (97), Bartley et al. (9) and Hogue et_ 
al• (54) give further support to the idea of disease control 
by certain antibiotics in the diet of the young calf. More­
over, the latter group of workers observed that lowering of 
the incidence of diarrhea was not paralleled under some condi­
tions by an increase in the rate of weight gain and suggested 
that the effect of antibiotics on the incidence of diarrhea 
and growth are, at least in part, independent. This idea 
seems to be supported also by the work of Owen et al. (115) 
where several antibiotics (oxytetracycline, chlortetra­
cycline, bacitracin and chloramphenicol) increased the rate 
of gain, but had little or no effect on the incidence and 
severity of diarrhea, although both were relatively high dur­
ing part of the experiment. Also, the differences in anti­
biotic response in a new versus an old environment have not 
been nearly so clear-cut in the case of dairy calves as they 
have been with some other species. Bartley et al. (5) re­
ported that control calves in a new barn grew as well as 
chlortetracycline-fed calves in an old barn; however, the 
antibiotic-fed calves at the new barn grew significantly more 
than their controls. Landagora et al- (77) recently reported 
that while chlortetracycline improved weight gains and feed 
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efficiency irrespective of the type of environment in which 
the calves were raised, an earlier stimulation of growth was 
observed in the calves raised in a new barn than in those 
raised in an old barn. In this study, no differences were 
noted in white blood cell counts among the antibiotic and 
control groups in either the old or new barn, which was inter­
preted by the authors as an indication that all the animals 
were in a similar state of health. 
Braude _et_ al. (19) and Jukes (68) have summarized the 
evidence showing that the amount of response to antibiotic 
feeding in swine is related to the level of infection present. 
From the experimental findings in which antibiotics were fed 
to animals in clean and dirty environments, Jukes concluded 
that the antibiotic growth effect may be due to the suppres­
sion of a growth-depressing microflora that is usually present 
in healthy animals but that may sometimes be absent under 
special sanitary conditions- The work of Hill and Larson 
(51) on pigs obtained by hysterectomy is of interest in this 
connection as they interpret their finding that chlortetra­
cycline exerts a growth-promoting effect in the absence of 
recognized swine disease to indicate that the antibiotic has 
a growth-promoting effect not entirely due to lowering of 
the "disease level". "Whitehair and Thompson (165) recently 
reported, on the other hand, that pigs which were collected 
by ces arotomy and raised on artificial rations showed no 
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growth response to chlortetracycline feeding. 
More work has been done with poultry than with other 
species on the relation of environment to antibiotic growth 
response. In reviewing this work, Jukes (68) and Combs (26) 
have noted that the work of several investigators indicates 
that in some cases a more marked growth response is obtained 
when birds are raised in "old" quarters than in "new" quar­
ters; where as, other workers seem to have obtained quite dif­
ferent results. Some workers have found that the "growth-
depressing" effect of an old environment can be transmitted 
to chicks in a clean environment by means of feeding small 
amounts of intestinal or fecal material from the contaminated 
animals. When this material was autoclaved or when penicillin 
was fed, no growth retardation occurred- In more recent 
experiments (85, 86), some of these same workers noted that 
the presence of CI. welchii in the gut of chicks appears to 
be related to the growth depression in old quarters. Dis­
tinct differences were found in the presence and activity of 
CI. welchii in the first few days of life between chicks from 
clean and infected premises and between infected and penicil­
lin fed chicks. Rizzuto and Alford (1-30) .were not able to 
relate the changes observed in the bacteria of the intestinal 
tract, as a result of feeding antibiotics, with growth re­
sponse of chicks in a new environment : Also, Hauser et al. 
(47) found that the growth responses obtained from feeding 
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chloramphenicol occurred only during the last few days of a 
17-day period in chicks housed in a relatively clean environ­
ment, while the greatest response in chicks housed in a 
highly-contaminated environment occurred during the initial 
stages of life. 
Another interesting approach to the problem of the mode 
of action of antibiotics in promoting growth involves the 
use of germfree animals. In the initial work by Luckey (95) 
wherein a variety of antibiotics in relatively high levels 
was fed to germfree chicks, growth stimulation was not ob­
tained. When lower levels were fed, however, a certain amount 
of growth response was obtained rather consistently. More 
recent work by Luckey et al. (94) confirmed previous findings 
with lower levels of certain of the antibiotics. On the basis 
of these findings, Luckey (93) concluded that antibiotics act 
not only on the micro organisms of the digestive tract but 
also directly on the tissues of the animal. He speculated, 
moreover, that antibiotics act in much the same way as many 
other drugs, i.e^ ., in small quantities a stimulatory effect 
is found under some conditions while a larger quantity may be 
quite harmful. 
Stress as a Factor in Antibiotic Response 
The influences of different environmental factors on 
the nutritive requirements of farm animals is a matter which 
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has received an increased amount of attention in recent 
years. Klussendorf (74) has suggested that antibiotics may 
indeed exert part of their beneficial effects on the per­
formance of these animals by helping to alleviate the condi­
tion of "stress" which may sometimes be present. This action 
is thought to take place by virtue of improving the nutri­
tional status of the animal due to increased feed intake or 
sparing action on certain nutrients, by controlling certain 
toxin-producing organisms in the digestive tract of the ani­
mal, or by controlling pathogens that would otherwise produce 
disease. Hanson and Ferrin (45) observed that oxytetra­
cycline was quite effective in preventing scours in pigs fol­
lowing vaccination for hog cholera, and Smith et al. (141) 
observed that hogs receiving chlortetracycline in the diet 
showed less change in temperature or appetite when vaccinated 
for cholera. Roy et al. (133) reported that feeding high 
levels of chlortetracycline to colostrum-deprived calves 
reduced the incidence of scouring and the occurrence of an 
abnormally high rectal temperature. Also, Anderson et al. 
(1) attributed the reduction in growth of chicks fed cultures 
of enterococci to the competition of such organisms for 
nutrients, or the production of some undesirable cellular 
products which placed the animals under "stress" conditions. 
Johansson (61) has reviewed the work on intestinal auto-
toxemia which may persist in some species in a subclinical 
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form. This condition involves a toxicity of low degree, 
manifested in delayed growth, due to products such as amines, 
ammonia, indole, skatole and hydrogen sulfide which may be 
elaborated in toxic amounts within the intestine. Evidence 
is cited which indicates that antibiotics interfere with the 
production of amines and ammonia from amino acids or urea 
through effects on the alimentary microflora. Also, Michel 
and Francois (106), using an in vitro technique, showed that 
the intestinal flora of the pig may cause decarboxylation of 
the amino acids of the feed, and that the addition of chlor­
tetracycline almost completely inhibits this decarboxylation. 
These authors suggest, moreover, that this is at least a part 
of the mechanism by which the growth of pigs is increased by 
antibiotics-
Pomeroy (119) has discussed in some detail the use-of 
high levels of antibiotics for prevention or control of 
various diseases in farm animals. Substantial evidence is 
presented to show that high level use of antibiotics during 
periods of stress, brought about by vaccination or adverse 
environmental changes, is desirable. 
Effect of Antibiotics on Appetite and Feed Consumption 
Lassiter (80) has pointed out that there is good agree­
ment among investigators as to the effect of antibiotics on 
the consumption of feed by dairy calves. In general, all of 
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the antibiotics studied, with the possible exception of 
penicillin, have been found to increase the consumption of 
hay, starter, or both, and to improve the efficiency of feed 
utilization over that of calves not fed antibiotics. 
The more recent reports by Radisson et al. (125) and 
Lassiter _et al. (81) are in agreement with this general con­
clusion, while that of Logan eju al. (91) differs inasmuch as 
they found that chlortetracycline had no influence on the 
growth, thrift or feed consumption of the calves in their 
study. On the basis of their observations on increased feed 
consumption by chlortetracycline-f ed calves, Jacobs on jet al. 
(58) suggested that the improvement of appetite was largely 
responsible for the improved growth rate which was observed. 
Hurley et al- (111) found no difference in growth rate be­
tween calves which received chlortetracycline and those which 
did not when a restricted diet composed largely of skimmilk 
was fed from birth to 8 weeks. During the following 8 weeks 
when grain and hay were added to a nonrestricted diet, the 
chlortetracycline-fed calves grew at a faster rate than the 
controls. Lassiter (80) attempted to answer the question of 
whether antibiotic-fed calves eat more because of an increased 
appetite or because of larger size, by calculating the feed 
consumption (hay and grain) per pound of body weight.over the 
entire experimental period from the data reported by various 
authors. Thus, the feed consumed over the.entire experimental 
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period was divided "by the final "body weight to obtain a com­
parison for each experiment. On this basis, it was concluded 
that much of the increased feed consumption by antibiotic-fed 
calves may be due to their larger size- It would appear, how­
ever, that this approach is subject to severe criticism from 
two points of view. First, the feed and grain were evidently 
treated as though they have equal feeding value, and second,-
if antibiotic-fed calves gain weight at a faster rate, thus 
using proportionally less nutrients for body maintenance, 
it might be expected that they would consume less feed per 
unit of final body weight rather than more - Also, Bartley 
et al. (8) calculated the average weekly intake of hay and 
grain per 100 pounds body weight throughout a 12-week experi­
ment . During the first 7 weeks there appeared to be no con­
sistent difference in the hay consumption of calves receiving 
chlortetracycline as compared to the controls. During the 
2nd, 3rd and 4th weeks the average grain consumption for both 
control and antibiotic-fed calves was similar in amount; 
however, starting at 5 weeks the calves receiving chlortetra­
cycline ate more grain on the average than the control calves 
and continued to have a greater appetite for the remainder of 
the experiment. The divergence of the average growth curve 
of the calves receiving chlortetracycline from that of the 
control calves also began at about 5 weeks of age; therefore, 
these authors concluded that the stimulated growth of the 
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antibiotic-fed calves was, at least partially, the result of 
an increased appetite for grain at an earlier age. The pos­
sibility that the effect on appetite is an indirect one cannot 
be overlooked, of course-
The report of G-algan and Ensminger (38) involving the 
effect of oxytetracycline on 62 beef calves from birth to 180 
days of age is also of interest. Oxytetracycline fed at 25 
mg. per 100 lb - body weight appeared to improve gains in the 
first 28-day period, but had no effect on the feed intake per 
pound of body weight at any period of growth from birth to 180 
days of age'. 
In summarizing the work relative to antibiotic growth 
response in swine, Cunha (28) pointed out that antibiotics 
have been shown to increase appetite, causing pigs to eat more 
feed and thus gain faster and with increased efficiency. 
•Robinson et_ al- (132) measured the appetite of pigs by ob­
serving the time taken to consume a given quantity of feed 
and concluded that penicillin increased the zest for food, 
with the effect being greater in the case of rations presumed 
to be low in palatability. Evans (33) obtained variable 
results with respect to the effect of penicillin on the appe­
tite of pigs. In one trial, where the pigs, were "group ad 
lib, fed" in such a way that feed was available continuously, 
the penicillin-fed pigs had a greater appetite at first and 
then a reversal occurred so that at the end of 11 weeks the 
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average weight of the control pigs was greater than that of 
those fed penicillin. Also, Wallace et al. (161) found that 
chlortetracycline was not beneficial to healthy pigs fed 
restricted rations under drylor conditions where feed intake 
of the antibiotic-fed animals was limited to that of the con­
trols. Quite recently, Tomlin et al. (154) reported that 
chlortetracycline incorporated in the supplement of pigs 
averaging 128 lb., at a level of 40 g. per ton, enhanced the 
palatability of the ration and was much preferred over oxy-
tetracycline, penicillin V and erythromycin, included in 
rations at the same level. Oxytetracycline and penicillin 
V did not clearly depress or improve the acceptability of 
feeds containing them, while the pigs avoided the feed with 
erythro mycin. 
Combs (26) has cited work showing that penicillin causes 
an increase in feed consumption of chicks and poults per unit 
of body weight during the first few weeks of life. However, 
the restriction of the feed intake of poults receiving this 
antibiotic did not eliminate its growth promoting effect, 
indicating that the growth promoting action of antibiotics is 
not due entirely to an effect on feed intake. 
Effect of Antibiotics on Utilization of Nutrients 
Cellulose digestion 
The evidence relative to the effect of antibiotics on 
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the ability of rumen micro organisms to digest cellulose is 
somewhat contradictory. Some reports (80) indicate that there 
is no effect on cellulose digestion; however, several workers 
(41, 76, SO) have reported that rumen microorganisms taken 
from animals receiving chlortetracycline do not digest cellu­
lose in vitro as readily as organisms from control animals> 
and that the cellulose-digesting ability of organisms from 
animals not fed chlortetracycline is impaired by the addi­
tion of the antibiotic to the artificial rumen. This effect 
on the rumen microorganisms could have some relation to the 
temporary depression.in appetite which sometimes occurs upon 
addition of chlortetracycline to the ration of sheep or beef 
animals (52, 118). 
Digestibility of other ration components 
The studies which have been conducted to determine the 
effect of various antibiotics on the digestion of the differ­
ent feed components (dry matter, crude protein, crude fiber, 
ether extract and nitrogen-free extract) by ruminants have, 
generally, been unfruitful. Reports by several workers (10, 
49, 55, 81, 82, 91, 111, 120) show that chlortetracycline 
has little effect on the digestibility of most ration com­
ponents by young dairy calves. Two of the reports (53, 81) 
indicate that oxytetracycline and bacitracin also failed to 
affect digestibility. The report of Hogue et al. (53) does 
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indicate, however, that chlortetracycline feeding caused some 
improvement in nitrogen retention. Lassiter et al. (81), on 
the other hand, found that neither chlortetracycline nor 
oxytetracycline had any significant effect on nitrogen 
retention. 
Erwin et al. (51) reported that chlortetracycline had 
no effect on the digestibility of dry matter, crude fiber or 
crude protein by yearling steers, but that the digestibility 
of ether extract was significantly decreased. Horn _et al. 
(55) reported that chlortetracycline had a greater depressing 
effect than penicillin on the digestibility of protein and 
crude fiber by steers, while the two antibiotics were about 
equal in decreasing nitrogen retention. 
Working with sheep, Tillman and MacVicar (155) found 
that a level of 11.8 mg. of chlortetracycline per 100 lb. 
body weight had no effect on ration digestibility, but that 
increasing the level to 15.4 mg. per 100 lb. body weight 
resulted in a significant reduction in the digestion of dry 
matter, crude protein, crude fiber, nitrogen-free extract 
and energy. Also, Evans _et al. (52) reported that chlortetra­
cycline decreased the apparent digestibility of crude fiber 
and that there was a trend toward lower digestibility of dry 
matter, organic matter and nitrogen-free extract. In one 
trial, there apparently was some recovery during the 5-week 
period from the initial depression in digestibility caused 
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by the addition of the antibiotic to the ration. 
The work of Evans (33), Meade and Forbes (105) and that 
of other workers cited by Jukes (68) indicates that neither 
chlortetracycline nor penicillin has any consistent effect 
on the nitrogen retention of pigs. 
Some evidence has been reported (26) to indicate that 
antibiotics cause an increase in nitrogen retention by 
chickens. 
Utilization of minerals 
Migicovsky et al. (108) found that when penicillin (30 
mg. per kg.) was added to a basal rachitogenie diet of chicks 
for 2 weeks, the percentage of an oral dose of Ga45 appearing 
in the tibia 48 hours after dosage was Increased. It was 
concluded that, under the conditions of their experiment, 
penicillin enhanced the absorption of calcium in the chick. 
Lindblad et al- (88) reported work in 1952 suggesting that 
chlortetracycline improves the utilization of calcium and 
phosphorous by chicks; however, in a later report, these 
workers (89) concluded that chlortetracycline did not alter 
the calcium and phosphorous requirements of female chicks, 
but that it seemed to increase the requirement of male chicks 
for phosphorous. Bogdonoff and Shaffner (14) reported that 
penicillin, bacitracin, chlortetracycline, oxytetracycline 
and arsonic acid at levels of 5, 15 and 45 p.p.m. in a diet 
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containing 2.6^  calcium increased, the plasma calcium levels 
of male chicks. Working with rats, Hartsook (46) found, that 
supplementation of a basal diet with chlortetracycline did 
not increase body weight gain, carcass calcium gain or the 
percentage of calcium retention. Anderson et al. (2) found 
that chlortetracycline enhanced the utilization of both man­
ganese and niacin for growth promotion, but did not appear 
to reduce the dietary requirement for either nutrient. Also, 
Busoff et_ al. (138) found no difference due to chlortetra­
cycline feeding on plasma calcium and plasma inorganic phos­
phorous values. 
Effect on Organs 
Thyroid gland 
Freerksen (37) and Jukes (68) have reviewed the work on 
the effect of antibiotics on the thyroid gland of rats and 
chicks. In general, variable results have been reported; 
however, the preponderance of the evidence appears to indi­
cate that antibiotics included at low levels in the diet do 
not have any effect on the size or function of the thyroid 
gland. Furthermore, Freerksen (37) has pointed out that 
morphological changes in endocrine glands only indicate that 
regulatory processes are in operation, and that these changes 
by no means offer proof of an active participation of these 
organs in the actions of antibiotics. More recently, several 
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workers (29a, 70, 84) have confirmed the lack of effect of 
penicillin, erythromycin and chlortetracycline on the size 
or histological appearance of the thyroid gland of chicks. 
The work of Kitts and Wood (73) with rats also gave similar 
results. In one of the.studies mentioned above, Draper and 
Firth (29a) used a total of 394 chicks and found that wide 
variation in thyroid weights occurred within experimental 
groups. Also, there was a large amount of variation between 
consecutive experiments in the thyroid weight to body weight 
ratio for birds fed the basal diet. Rusoff et al. (138) 
observed that chlortetracycline had no effect on the thyroid 
weight of calves, when expressed as percentage of body weight. 
Also, Vandersall et al. (155a) found that feeding of chlor­
tetracycline did not alter the thyroid activity of dairy calves 
as measured by i13^ - uptake. These findings with calves are, 
therefore, in line with the observations on other species. 
The reports of Nordfeldt and Kihlen (113) and Ludvigsen 
and Thorbek (95-96) relative to the effect of certain anti­
biotics on the energy metabolism of pigs are interesting in 
this connection. Their results showed that chlortetracycline 
and oxytetracycline caused an increase in the storage of 
energy and a simultaneous decrease in loss of energy as heat. 
Morrison et al. (110), on the other hand, found that chlor­
tetracycline had no apparent effect on the basal metabolism 
of chicks. 
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Gastrointestinal tract and other organs 
Considering the results of a number of investigators 
(4, 15, 17, 71, 149, 155, 157) it appears that chlortetra­
cycline has little, if any, effect on the weight of the 
liver, spleen, stomach, heart, lungs, kidneys or cecum of 
the pig* Taylor and Harrington (149) reported similar re­
sults on the weights of various internal organs due to pen­
icillin feeding. Several reports (4, 17, 149) indicate 
that either the small intestine or total gut weight was re­
duced as a result of chlortetracycline feeding; however, 
other workers (15, 71, 156*) observed little or no difference 
in viscera weights due to antibiotic feeding. Braude efc al. 
(17) pointed out that the total gut weight, but not the length, 
was decreased, indicating that the reduction in weight was due 
to a thinning rather than to a shortening of the gut. 
The recent reports by Vonk et al- (156, 157) indicating 
that chlortetracycline may have an effect on tiie production 
of some of the digestive enzymes in pigs are interesting, but 
also inconclusive at this time. 
In reviewing the work on the effect of antibiotics on 
the intestine of chicks, Combs (26). pointed out that the 
reduction in weight, evidently caused by a decrease in thick­
ness of the intestinal wall, brought about by antibiotic 
feeding parallels the situation which has been observed in 
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the germfree bird- A later report by Jukes et al. (67) con­
firmed that oxytetracycline and penicillin were effective in 
reducing the intestinal weight of chicks, and described the 
histological changes accounting for the reduction. Recently, 
Hill et al. (50) presented data indicating that the small 
intestine of the chick is more sensitive to certain anti­
biotics than is the whole body, as reflected by body weight. 
The reasons for this conclusion were that the small intestine 
was decreased in weight before an increase was noted in body 
weight and that lower levels of the antibiotic which did not 
increase body weight caused a decrease in intestinal weight. 
These authors felt, moreover, that these findings cast some 
doubt on the possibility that there exists a casual relation­
ship between the effect of antibiotics on the small intestine 
and the growth response usually observed when they are fed. 
Rusoff et al. (138) have also reported a decrease in 
thickness of the duodenal and jejunal sections of the intes­
tinal wall and an increase in the ileal section in chlor­
tetracycline-f ed calves. The relationship of these observed 
changes in the intestine of various animals to the absorption 
of nutrients apparently is obscure. 
Observations on Blood Values 
Several reports (30, 77, 115, 121, 138) indicate that 
there is no observable difference between antibiotic-fed 
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animals and their controls with respect to certain blood 
values including leucocyte count, erythrocyte count, hemo­
globin, hematocrit percentage and plasma fat. Rusoff jît al» 
(137) reported, however, that calves fed 50 mg. of strepto­
mycin sulfate per day had significantly lower leucocyte counts 
than control animals after 4 weeks of age » Feeding 30 mg. 
streptomycin per day resulted in counts only slightly lower 
than those of the control animals. 
In one study, Lassiter et al. (82) found that chlortetra-
cline-fed calves had significantly lower blood levels of non­
protein nitrogen during the first 7 weeks of the calf's life. 
The greatest stimulation of growth also occurred during this 
same period. In a later study (81), in which only small 
growth responses were obtained in calves fed oxytetracycline 
or chlortetracycline, neither of the antibiotics had any 
effect on total nonprotein nitrogen of the blood. 
Effects of Long-term Administration of Antibiotics 
There is some evidence (26, 68, 80, 99, 116, 132, 158) 
to indicate that the continued growth response due to anti­
biotics may be lost, or even reversed, when the antibiotic 
is removed from the ration. This is, of course, a matter of 
practical consideration in livestock feeding operations. A 
problem of perhaps greater significance, however, relates to 
the cessation of growth response to antibiotics after their 
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continuous use for a few years. "tfaibel et_ al. (159) noted, 
such a disappearance of the growth response of chicks to 
dietary antibiotics and suggested that the change might be 
due to a change in microbial population due to change in 
cleaning practices or the elimination of harmful bacteria 
through continued use of the antibiotic. Libby and Schaible 
(87) pointed out, however, that the apparent decrease in 
effectiveness of antibiotics as growth promotants for chicks 
may be caused by a relatively greater increase in the rate of 
growth of birds fed the control ration. The reasonableness 
of this explanation is indicated also by the observation of 
Braude et si. (19) that the magnitude of the growth response 
of pigs due to antibiotics varied inversely with the rate of 
growth of the control animals. In summarizing the effects 
of long-term chlortetracycline feeding to swine through both 
growth and reproduction, Hines (52) concluded that no evidence 
of toxicity has been seen, and that, without exception, the 
animals receiving chlortetracycline routinely in their diet 
either duplicated the results of their controls or demon­
strated improvement. 
Jacobs et al. (57), Grimbergen (40) and Smith and Crabb 
(142a) have called attention to the development of antibiotic 
resistant strains of bacteria in the digestive tract of ani­
mals which have been fed antibiotics. The latter authors 
expressed the opinion, moreover, that the usefulness of the 
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tetracyclines in medical practice will soon become nil if 
their use in feed is continued. On the other hand, Pomeroy 
(119) has pointed out that there is no clinical evidence that 
the use of antibiotics has resulted in an increased incidence 
of any disease of animals or poultry. Also, after an exten­
sive review on the emergence of resistant strains of organisms 
due to use of antibiotics, Finland (35) concluded that disease 
producing strains of organisms have not been found to emerge 
among the types of animals that are raised primarily for 
market on antibiotic-supplemented feeds. 
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EXPERIMENTAL PROCEDURE 
Experimental Animals 
Sixteen male dairy calves (12 Holsteins, two Ayrshires 
and two Brown Swiss) from the Iowa State College herd were 
used for the experiment. A randomized blocks design was 
employed, with the calves being paired on the basis of breed 
and the fourth-day weights. One calf of each pair was ran­
domly assigned to a chlortetracycline group while the other 
member of the pair was assigned to a control group- The 
breed, date of birth, initial weight and experimental treat­
ment are listed for each calf in Table 1. 
Management and Feeding of Calves 
Each calf was removed from its dam and started on 
experiment when four days of age- Whole milk was fed at the 
daily rate of 1 lb. per 10 lb. initial body weight for 
approximately five weeks - Thereafter, the amount was reduced 
by 1 lb. each day until the calf was no longer receiving 
milk. A calf starter* was offered free-choice up to a maxi­
mum of 4 lb. per day, starting at the second week on experi­
ment. Also, the calves were fed chopped alfalfa hay ad 
*The calf starter consisted of: 20^  ground corn, 22% 
ground oats, 20% soybean oil meal, 10$ wheat bran, 15> dis­
tillers dried solubles, 10^  molasses, 2% dicalcium phosphate 
and \% iodized salt. 
46 
Table 1. Data on dairy calves used to study the effect of 
chlortetracycline on nutrient utilization 
Calf Date 4-day 
Pair no. of birth Breed weight Group 
(lb.) 
1 4235 2-23-56 H 95 CTC 
4365 7-21-56 H 91 C 
2 4376 8-13-56 H 95 CTC 
4395 10-1-56 H 92 C 
3 4325 5-20-56 H 98 CTC 
4313 4-17-56 H 97 C 
4 4354 7-1-56 H 98 CTC 
4380 8-30-56 H 98 C 
5 4375 8—8— 56 H 102 CTC 
4286 2-24-56 H 104 C 
6 4314 4—18—56 H 108 CTC 
4433 1-6-57 H 118 C 
7 4386 9—10—56 B S 119 CTC 
4430 12-31-56 S S . 106 C 
8 4377 8-28-56 A 91 CTC 
4372 8-4-56 A 85 C 
aCTC = chlortetracycline; C = control 
libitum from the second week to the end of the experiment. The 
refused starter and hay were weighed back and discarded before 
and after each digestion trial. 
"While the calves were receiving milk, those in the treat­
ed group were fed chlortetracycline in the milk twice daily 
in the form of Aurofac D, whicir-con t ai n e d approximately 5 g. 
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of ciilortetracycline per pound. Approximately 7.3 g- of this 
material were fed in order to provide 80 mg. of chlortetra­
cycline per day. After the milk was removed from the diet, 
about 5 g. of Aurofac 2A was added to the grain twice daily 
in order to supply the 80 mg. of chlortetracycline. 
Daily observations were made on each calf for incidence 
of diarrhea, which was rated on an arbitrary scale of one 
through four. In the event of diarrhea of such severity that 
an animal was rated as high as three or four on this scale, 
it was treated either with Kaopectate, Kaopectate containing 
neomycin, or sulfathalidine. 
The calves were weighed once each week through the first 
11 weeks of the experiment and on two successive days before 
termination of the experiment at the end of 16 weeks. 
Digestibility Studies 
A digestion trial was conducted with each calf during 
the 5th, 8th, and 11th weeks on experiment. In each case, a 
three-day adjustment period preceded a six-day collection 
period during which total collections were made of urine and 
feces. No attempt was made to obtain a constant intake of 
feed during the trials. Measurement of the amount of urine 
excreted was made twice each day, with an aliquot of 3$ of 
the total amount being saved each time for a composite sample. 
The feces were weighed daily and an aliquot of 10$ was placed 
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in a cardboard container and saved for a composite sample-
The urine and feces samples were kept in a frozen condition 
until analyzed. 
At the time of analysis, the fecal samples were thawed 
and mixed as thoroughly as possible by stirring; then, a por­
tion of the sample was further mixed in a quart jar using a 
high-speed mixer (Omni-mixer, Ivan Servall Inc.). When water 
was added to the sample to facilitate mixing, the total weight 
of the feces collection was adjusted accordingly. 
All of the urine and milk samples were analyzed for 
nitrogen and total ash. The grain, hay and fecal samples were 
analyzed for dry matter, total ash, nitrogen and cellulose. 
The nitrogen determinations were made according to the stand­
ard AOAC procedure (114). The total ash determinations were 
made by ashing the appropriate amount of each sample in a 
porcelain crucible - The samples were placed in a cold muffle 
furnace which was heated gradually to about 600° C- and held 
at this temperature for approximately two hours. Dry matter 
determinations were made by drying the samples for approxi­
mately 24 hours in an oven at 100° C. The amount of cellulose 
was determined by using a slight modification of the procedure 
of Crampton and Maynsrd (27). 
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Blood Reducing Sugar and Nonprotein 
Nitrogen Determinations 
A blood sample was taken during the 5th, 8th and 11th 
weeks of the experiment for the purpose of determining the 
amount of blood reducing sugar and nonprotein nitrogen. The 
blood was collected in 25 ml. Erlenmeyer flasks containing 
about 50 mg. potassium oxalate and 240 mg. sodium fluoride. 
The sodium fluoride was added primarily for the purpose of 
preventing glycolysis (144a). The blood sugar determinations 
were made according to the method of Somogyi (143) and Nelson 
(112). The preparation of the protein-free blood filtrates 
for the NPN determinations followed the method of Folin and 
Wu as described by Hawk et al. (48). The analysis for blood 
NPN also followed the method of Folin and Wu except that 
steam distillation was used as a means of collecting the 
ammonia. The receiving flasks contained a 2% boric acid 
solution with a mixture of methyl red and bromcresol green as 
the indicator- A solution of 0.02 N sulfuric acid was used 
for titrating the ammonia-
Calcium Utilization Study 
Administration of Ca*^  
At the beginning of the 12th week on experiment, each 
calf was transferred to the radio-tracer laboratory where it 
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was confined in a digestion stall of the type shown in Figures 
1 and 2. The only unique aspects of the arrangement were that 
panels were placed on each side of the rear part of the pen 
to prevent splattering of urine onto the floor and metal pans 
covered the floor "beneath the entire pen in order to prevent 
possible contamination of the laboratory. 
Each calf was given an oral dose of 5 ic. of Ca~^  in the 
form of CaClg. Detailed information on each shipment of the 
radioactive calcium* is given in Table 2. The acidity of the 
radioactive calcium solution was lowered somewhat at the time 
of dosage by partial neutralization with concentrated NaGH. 
4.5 The Ca Mas administered by first pipetting into a small cap­
sule (size No. 15) into which absorbent tissue paper had been 
placed. This capsule was carefully assembled and then placed 
in a larger capsule (size No. 12). A balling gun was used to 
4.5 deposit the capsule containing the Ca" in the throat of the 
animal. No other material was administered simultaneously; 
therefore, it was assumed that the capsule went into the rumen 
of the calf. In a few cases some radioactivity could be 
detected with the monitoring instrument in the region of the 
throat for a short time after administration indicating either 
temporary stoppage of the capsule or some leakage from the 
*The radioactive calcium was obtained from the Oak Ridge 
National Laboratory, United States Atomic Energy Commission, 
Oak Ridge, Tennessee. 
Figure 1. Digestion stall used in 'Figure 2. Digestion stall show 
radio-tracer studies ing the arrangement 
used for providing 
1 feed and water 
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Table 2. Data on radioactive calcium used in this study 
Shipment no. 
1 2 3 4 
Description Ca-45-P-2 C a—45—P—2 Ca-45-P-l C a—45—P—2 
Form CaClg in HC1 CaClg in HC1 CaClg in HC1 CaClg in HC1 
Acidity, N 0.758 0.09 1.32 0.73 
Volume, ml. 10.5 10.4 14.5 5.0 
Date assayed 5-10-56 10-18-56 12-20-56 3-14-57 
Concentration, mo./ml. 5.29+ 10% 3.39 + 10% 0.414 + 10% 2.41 + 10% 
Specific activity, 
mc./g. 75.30 92.88 4.50 29.66 
Calcium concentration, 
mg./ml. 70.25 36.49 92.0 81.25 
Calves to which 
administered 4285, 4286, 
4313, 4314, 
4325, 4354, 
4365 
4372, 4375, 
4376, 4377, 
4380, 4386 
4395 4430, 4433 
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capsule during swallowing. 
Samples taken during six-day period 
following Ca^ 5 administration 
In order to study the disposition of the radioactive 
calcium, samples of blood, urine, and feces were taken 
periodically following its administration. A blood sample 
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was taken from each calf prior to administration of the Ca 
and at 1, 4, 8, 12, 16, 20, 24, 30, 36, 48, 72, 95, 120 and 
144 hours thereafter.* The blood was drawn into a 25 ml. 
Erlenmeyer flask containing approximately 125 mg. of sodium 
citrate. These samples were stored in the refrigerator until 
analyzed. 
A record was made of the feed intake during the six-day 
period after Ca dosage in order to make a simultaneous 
total calcium balance study. Total collections of urine and 
feces were made during the six-day period. After measure­
ment, 5% of the urine was retained for a composite sample. 
The daily feces collection was weighed, mixed as thoroughly 
as possible with a large stirring rod, and a 10^  aliquot 
retained for analysis. 
*Since the highest level of Ca in the blood was ex­
pected to be around 24 hours after dosage, the first six 
calves on th'e experiment (4285, 4286, 4313, 4314, 4325 and 
4354) were bled at 22 and 26 hours instead of at 16 and 20 
hours after dosage. 
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Assav of samples for Ca and total calcium 
The samples were assayed for Ca^  by precipitation of 
the calcium as calcium oxalate and collecting the precipitate 
by means of a plastic tube and cup assembly as described by 
Comar et al= (25)- Stainless steel cups with an inside area 
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of 4.68 cm. were obtained from Tracer Lab, Boston, Massachu­
setts. "Plexiglas" plastic tubing, obtained from Van Horn 
Plastics Co., Des Moines, Iowa, was fitted into the cup making 
a water-tight container. After centrifugation and removal 
of the supernatant by suction, the cup was removed from the 
plastic tube by use of adjustable pliers. The parts of this 
tube and cup assembly are shown in Figure 3. Treatment of 
the inside of the "Plexiglas" tubes with an organo-silicon 
compound having the trade name of "Desicote" (Beckman In­
struments Inc., Fullerton, California) was found to largely 
prevent adherence of the precipitate to the sides of the 
tubes. 
The calcium oxalate was dried for 2 hours at about 105° 
C. after the remaining liquid had evaporated from the cup. 
According to Rieman et al. (129), drying at this temperature 
leaves the precipitate in the form of CaCgO^ -HgO- They state, 
however, that after thorough washing of the precipitate, 
weighing of the calcium in this form is subject to a positive 
error which may amount to 1% because the calcium oxalate 
cannot be completely dried at this temperature. 
Figure 3. Plastic tube and cup assembly used for 
collecting calcium oxalate 
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In order to check on the method used in this experiment 
for collecting the calcium oxalate, and on the feasibility 
of using its weight to calculate the total calcium in the 
samples, a standard calcium solution was prepared. Primary 
standard calcium carbonate, obtained from Mallinckrodt Chem­
ical Works, St. Louis, Missouri, was used. It was found that 
there was a consistent positive error of about b% under the 
conditions of this experiment. Presumably, the fact that 
the calcium oxalate was washed only once in the process of 
preparing it for radio-assay would account for the positive 
error in the weight. This error was not considered to be of 
any importance as far as the Ca45 assay was concerned; how­
ever, the total calcium content of the samples taken for the 
calcium balance study was determined by titration with KMnO^ ., 
as described by Hawk et al. (48). 
After weighing to determine the correction factor for 
self-absorption, the Ca"5 activity of the samples was deter­
mined with a Berkley Decimal Scaler (Model 2001). Relative 
counting was employed with the correction factors for self-
absorption for samples of different thicknesses being deter­
mined graphically from the curve shown in Figure 4. This 
self-absorption curve was prepared by the dilution method, 
as described by Bleuler and Goldsmith (13), whereby the total 
activity was held constant and the sample thickness varied by 
adding increasing amounts of a calcium carrier. Each point 
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Figure 4. Self absorption curve for Ca~5 
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on tiie curve represents an average of five determinations. 
In analyzing the "blood samples, 20 ml. of whole "blood 
was placed in a porcelain crucible and dried in the oven at 
100° C. for 24 hours. The dried sample was then reduced to 
an ash by placing it in a cold muffle furnace and raising the 
temperature gradually to about 550° C. The ash was dissolved 
in 10 ml. of 1:2 SCI and transferred quantitatively to a 25 
ml. volumetric flask. The analysis for Ca was done in 
triplicate using 5 ml, aliquots of the ash solution. After 
adjusting the acidity to a pH of about 5, with 1:2 NH^ OH and 
1:2 CH5CQOH, approximately 20 mg. of CaClg*2 HgO were added, 
and the calcium was precipitated using 2 ml. of a saturated 
^^ 4^ 2^ 2°4 solution. After settling overnight, the pre­
cipitate was collected by means of centrifugation in the 
plastic tube and cup assembly described above, with a 1:50 
NÏÏ4OH solution being used for washing of the precipitate. 
The urine samples were ashed in triplicate, dissolved in 
45 HC1 and assayed for Ca as described above for blood. 
After the fecal samples were thoroughly mixed with a 
high-speed mixer, one-tenth of the mixed daily sample was 
transferred to each of three containers for triplicate com­
posite samples. Triplicate aliquots of the daily samples 
were also taken for ashing. The Ca^ 5 was determined as 
described above for blood, except that different size aliquots 
were used, and calcium carrier was added only when needed to 
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avoid excessively high counting rates. 
Measurements Made on Bones and Internal Organs 
At the end of 16 weeks, each animal was sacrificed and 
three bones (tibia, metacarpal and femur) were removed. These 
bones were cleaned, defatted by soaking in diethyl ether, 
and then glued to boards as shown in Figure 5. A sagittal 
section was made of the left metacarpal from each calf and 
one-half of it was then cut transversely into three parts. 
This entire half of the bone was ashed in a No, 5 porcelain 
crucible by heating gradually in the muffle furnace to about 
750° C. After weighing, the bone ash was crushed to a powder 
in the crucible with a pestle, and then dissolved with 2 
liters of dilute HC1. Three 5 ml- aliquots of this solution 
A5 
were taken for simultaneous assay of the Ca" and total cal­
cium. 
The tibias and femurs were also sawed in halves along 
the longitudinal axis. A slice approximately one-fourth 
inch thick was then taken from one of the halves for use in 
preparing radioautographs. Particles of bone dust were re­
moved with a brush and the bone slice was washed with ether 
for the purpose of removing as much of the remaining fat as 
possible- After the bones had been prepared in this manner, 
it was found that they could be placed directly against the 
film during the exposure. Kodak Contrast Process Ortho 
Figure 5. Calf "bones ( tibias and femurs) glued 
to boards for sawing 
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safety film was used. The exposed film was developed with 
Kodak Dektol developer (diluted 2:1 with water) for 2 to 4 
minutes at about 70° F-, rinsed in water 10 seconds, placed 
in Kodak acid fix for 10 minutes, washed in continuous running 
water for 1 hour at 70° F. and dried in dust-free air. The 
length of the exposure time varied according to the extent 
to which the Ca45 had decayed before the exposure was begun; 
however, it was about 5 to 4 weeks for most of the radio-
autographs prepared in this experiment. 
The radioautographs were used for the purpose of measur­
ing the amount of growth of the tibias and femurs between the 
time of Ca45 dosage and the end of the experiment. Eight 
measurements were made, at both the proximal and distal ends, 
of the distance between the epiphysial-diaphysial junction 
at the time of dosage and the same region at the time of 
slaughter. These points are indicated in Figure 6. The 
eight values obtained for each end were averaged to give an 
estimate of the amount of growth of the bone. 
At the time of sacrifice of the animals, the heart, 
spleen, liver and thyroid gland were also removed for the 
purpose of obtaining their weight. 
Figure 6• Badio auto graph prepared from the tibia 
of a 4-month old dairy calf (A & B, 
epiphysial-diaphysial junction at the 
time of dosage with Ca-5; A* & B1 , 
epiphysial-diaphysial junction at time 
of slaughter) 
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RESULTS 
Observations on Growth and Feed Consumption 
The average weight gains for the calves receiving chlor-
tetracycline and for the control calves are shown in Figure 7. 
The average gain of the calves in the treated group was 
greater than that of those in the control group at any time 
after the first week, although the average increase in gain 
by the chlortetracycline-fed calves varied considerably more 
from one week to another than that of the control calves. 
Complete data on the weights of the individual calves through­
out the experiment are given in Table 17 of the Appendix-
A summary of the feed consumption and weight gains of 
the calves for the entire experiment is given in Table 3. 
Since the amount of milk fed was based on the initial body 
weight, the differences in feed consumption for the two 
groups were in the amount of grain and hay consumed. Thus, 
the chlortetracycline-fed calves consumed an average of 18.6 
lb. more hay and 10.9 lb- more grain than the control calves. 
The average difference in weight gain was 18.7 lb. in favor 
of the antibiotic-fed calves. 
An analysis of variance of the total weight gains, 
shown in Table 4, revealed that the variation among pairs 
was relatively insignificant, and indicated that pairing of 
the calves on the basis of initial body weight had very little 
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Table 3. Summary of feed consumption and weight gains 
Total 
Calf 3. Consumption of: weight 
no. Treatment Grain Hay Milk gain 
(lb.) (lb-) 
4285 CTC 301.1 159.9 401.4 157 
4565 C 306.5 136.2 364.2 157 
4576 CTC 312.7 160.6 391.8 152 
4395 C 317.1 154.4 373.4 163 
4325 CTC 270.4 85.0 391.1 144 
4313 C 294.1 95.4 391.1 139 
4354 CTC 299.1 196.7 400.9 178 
4380 C 305-1 153.8 400 .9 146 
4375 CTC 312.3 162.8 419.1 170 
4286 C 288.8 144.0 439.0 123 
4314 CTC 322-7 190.6 436.4 169 
4433 c 301.3 173.5 494.5 155 
4386 CTC • 305.8 194.3 504.0 169 
4430 c 282-1 135.4 434 .1 149 
4377 CTC 299.9 155.5 373.4 174 
4372 c 242.9 164.1 355.3 121 
Average C1 ±G group 303-1 163.2 414.8 164.1 
Average C group 292-2 144.6 406.6 145.4 
aCTC = chlortetraeyeline; C = control 
merit. Since the "F" value obtained for pairs in this anal­
ysis and in the majority of the other analyses was quite 
small (less than 1.0), all the data were subsequently treated 
as though a completely randomized design had been used. The 
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Table 4. Analysis of variance of total weight gains 
Source of Degrees of Sum of Mean 
variation freedom squares square F 
Pairs 7 1059 151.3 0.56 
Treatment 1 1406 1406.0 5.l9a 
Error 7 1896 270.9 
Total 15 4361 
<.10 and >.05 
analysis of variance of total weight gains based on this 
assumption is shown in Table 5. On the basis of these re­
sults, it may be stated, with at least 95% confidence, that 
a ration containing chlortetracycline produces a growth re­
sponse in dairy calves up to 16 weeks of age which exceeds 
that of calves not receiving the antibiotic. 
Table 5. Analysis of variance of total weight gains 
assuming a completely randomized design 
Source of Degrees of Sum of Mean 
variation freedom squares square F 
Treatment 1 1406 1406 6.66a 
Error 14 2955 211.1 
Total 15 4561 
&P < .05 and > .01 
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Since the experimental conditions were quite different 
during various phases of the experiment, the data on weight 
gains and feed consumption were summarized for three differ­
ent periods as shown in Table 6. During the first 4 weeks 
of the experiment, before initiation of the digestibility 
trials, increased growth response on the part of chlortetra­
cycline-f ed calves was paralleled by increased consumption of 
grain and/or hay. Slightly more grain and hay were consumed, 
by the treated group during the 5- to 11-week period as well; 
however, there was considerable variability among calves 
during this time. 
During the last 5 weeks of the experiment, following 
dosage with radioactive calcium, all of the calves nearly 
always consumed the maximum of 4 lb. of grain allowed each 
day so that the only difference in feed intake was in the 
amount of hay consumed. The calves receiving chlortetra­
cycline consumed an average of 16.6 lb. more hay than the 
control calves and gained an average of 8.9 lb. more weight 
during this period. 
An analysis of variance of the weight gains for each of 
the three periods of the experiment is shown in Table 7. The 
lack of any real difference between the treated and control 
groups during the 5- to 11-week period may be due partly to 
the fact that the animals were used for digestibility studies 
during this time. This is indicated particularly by the 
Table 6. Feed consumption and weight gains of calves summarized by periods 
0-4 weeks, lnol. 5-11 weeks, lncl. 12-16 weeks, Inol. 
Calf Treat- Consumption of: wt. Consumption of: Wt. Consumption of: Wt. 
1 no. men ta Grain Hay Milk gain Grain Hay Milk gain Grain Hay gain 
i (lb.) (lb.) (lb.) (lb.) (lb.) (lb.) 
4285 
4365 
CTC 
C 
17.9 
8.8 
1.0 
1.1 
268.8 
248.4 
27 
16 
149,2 
151.7 
52.9 
33.7 
132.6 
115.8 
76 
75 
134.0 
146.0 
106,0 
101.4 
54 
66 
4376 
4395 
CTC 
C 
22.3 
10.6 
0.2 
0,2 
268.8 
257.6 
23 
26 
150.4 
168.5 
29.9 
40.1 
123.0 
115.8 
59 
70 
140.0 
138.0 
130. 5 
114,1 
70 
68 
4325 
4313 
CTC 
C 
23.7 
10.3 
0.1 
1.3 
274.4 
274.4 
21 
12 
108.7 
152.1 
13.6 
19.2 
116.7 
116.7 
51 
71 
138.0 
131.7 
71.3 
74.9 
72 
66 
4354 
4380 
CTC 
C 
18.0 
11.3 
2.0 
0.7 
274.4 
274.4 
21 
16 
151.1 
157.8 
55.6 
44.6 
126.6 
126.5 
92 
72 
130.0 
136.0 
139.1 
108.5 
66 
58 
4375 
4286 
CTC 
C 
19.0 
16.7 
1,9 
0.4 
285.6 
291.2 
26 
12 
153.4 
138.1 
36.8 
47.3 
133.5 
147.8 
74 
64 
139.9 
134.0 
124.1 
96.3 
70 
47 
4314 
4433 
CTC 
C 
24.6 
13.8 
4.5 
0.4 
302.4 
330.4 
26 
29 
166,2 
149.5 
53.7 
53.8 
134.0 
164.1 
71 
72 
132.0 
138.0 
132,4 
119.3 
72 
64 
4386 
4430 
CTC 
C 
19.6 
20.5 
3.8 
0.7 
336.0 
293.0 
26 
27 
147.2 
123.6 
59.0 
38.8 
168.0 
141,1 
73 
67 
140.0 
138.0 
131,6 
96.9 
70 
56 
4377 
4372 
CTC 
0 
6.5 
5.2 
1.8 
2.8 
257.6 
249.4 
15 
13 
149.4 
96.0 
42.2 
67,9 
115.8 
105.9 
87 
48 
144.0 
141.7 
111.5 
103.4 
72 
60 
Average 
CTC group 
Average 
C group 
18.9 
12.1 
0.19 
0.09 
283.6 
277.3 
23.1 
18.7 
146.9 
142.2 
43.0 
41,9 
131,2 
129.2 
72.9 
67.4 
137.2 
137.9 
118.3 
101,7 
68.1 
69.2 
aGTC = ohlortetraoyoline; 0 = control 
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Table 7. Analyses of variance of weight gains of calves 
for different periods of the experiment 
Source of Degrees of Sum of Mean 
variation freedom squares square F 
(0-4 weeks, incl.} 
Treatment 1 .76.6 76.6 2-30a 
Error 14 466.4 33.3 
Total 15 543.0 
(5-11 weeks, incl.) 
Treatment 1 121.0 121.0 0.96b 
Error 14 1759.0 125.6 
Total 15 1880.0 
(12-16 weeks, incl.) 
Treatment 1 315.0 315.0 7.46e 
Error 14 590.4 42.2 
Total 15 905.4 
aP > .10 
bP >.25 
CP <.025 
average cumulative gains of the two groups of calves shown 
in Figure.7. The chlortetr&cycline group of calves was evi­
dently more adversely affected by confinement in the digestion 
stalls than the control group, as indicated by the average 
weight gains after 4 and 7 weeks on experiment. The gains 
at these two points reflect the weights of the calves after 
the 3-day preliminary period in the digestion stalls, prior 
to the first and second digestion trials, respectively. 
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Also, the weight gains of individual calves during the 5- to 
11-week, period were such that the difference in response to 
chlortetracycline was quite variable. The reaction of indi­
vidual calves to confinement in the digestion stalls at three 
different times during this period may account for at least 
a part of this variability. 
The most consistent response to chlortetracycline feed­
ing was obtained during the 12- to 16-week period. It cannot 
be assumed, however, that the effects observed during this 
last 5-week period are entirely independent of the earlier 
part of the experiment, since the average weight of the calves 
receiving chlortetracycline was about 12 lb. greater than that 
of the control calves at the beginning of the 12th week. 
Observations on Incidence and Severity of Diarrhea 
The occurrence of diarrhea was relatively infrequent 
throughout the experiment. The average number of days on 
which any degree of diarrhea at all was observed was 6.0 for 
calves in the treated group and 9.7 for the controls. Con­
sidering both incidence and severity, no definite effect of 
chlortetracycline on diarrhea was observed in this experiment. 
Digestibility Studies 
The results of the three digestion trials are summarized 
in Table 8. . The average value for nitrogen retention, protein 
Table 8. Summary of results of digestibility studies 
Apparent Apparent Apparent 
Nitrogen protein cellulose dry matter Ash 
Group retained digestibility digestibility digestibility retained 
(2) (2) ( # (# (2) 
5th week 
Chlortetracycline 41.6 79.8 9.0 a 29.9 
Control 48.2 82.8 
8th week 
50.7 a 39.2 
Chlortetracycline 24.2 66.2 32.0 66.5 21.9 
Control 21.7 68.7 
11th week 
28.6 68.6 22.0 
Chlortetracycline 28.2 68.6 38.6 64.1 19.8 
Control 24.5 67.5 31.5 66.2 21.8 
aDry matter digestibility was not determined during the first digestion trial. 
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digestibility, cellulose digestibility and ash retention was 
higher in each case for the control than for the chlortetra­
cycline group during the first digestion trial- Only the 
difference in cellulose digestibility approached statistical 
significance (? = ca. -10), however, as shown by the analyses 
of variance presented in Table 18 of the Appendix. 
During the second and third digestion trials, there was 
considerable variation within both of the groups with respect 
to all of the criteria measured, i.e., nitrogen retention, 
protein digestibility, cellulose digestibility, dry matter 
digestibility and ash retention. This variability was such, 
moreover, that none of the observed differences between the 
two groups approached statistical significance, as shown in 
Tables 19 and 20 of the Appendix. Under the conditions of 
this experiment, therefore, no substantial evidence was ob­
tained for any effect of chlortetracycline on either ration 
digestibility or ash and nitrogen retention by dairy calves. 
Observations on Blood Reducing Sugar and 
Nonprotein Nitrogen 
The blood reducing sugar values observed during the 5th, 
8th and 11th weeks of the experiment are shown in Table 9. 
While the chlortetracycline group of calves had higher 
average blood sugar values for all three periods, the vari­
ability among calves was such that the observed differences 
between the two groups were of no statistical significance. 
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Table S- Average blood reducing sugar values 
Week 
Group 5 th . 8 th 11th 
(mg. %) 
Chlortetracycline 68.5 54.3 53.0 
Control 65.0 49.8 49.8 
The blood nonprotein nitrogen values for the 5th, 8th 
and 11th weeks are shown in Table 10. It may be seen that 
the average KPN values for the chlortetracycline-fed calves 
were lower than those of the control calves at all of the 
sampling periods. Again, however, the observed differences 
were of no statistical significance due to the large amount 
of variability among calves. 
Table 10. Average blood nonprotein nitrogen values 
Week 
Group 5th 8th 11th 
Chlortetracycline 
Control 
22.5 
24.4 
(mg. %) 
29.2 
31.9 
28.5 
31.3 
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Observations on Calcium Utilization 
Blood levels of Ca^ 5 
following oral administration 
The concentration of the radioactive calcium at specific 
times during the six days after dosage was expressed as the 
percent of the administered dose. The values obtained when 
AC 
the amount of Ga was calculated as the percent of dose 
per 100 ml. of blood are given for individual calves in Table 
21 of the Appendix. Also, the average values for the treated 
and control groups are presented graphically In Figure 8. 
4.5 
The average blood concentration of the Ca~ was higher for 
the control group than for the treated group at each time 
during the first 72 hours after dosage. Thereafter, the 
values for both groups were very nearly the same. 
A somewhat different picture was obtained, however, when 
the percent of the Ca~^  dose in the total blood was calculated 
by assuming the blood volume of 11-week old calves to be 6.2 
ml. of blood per 100 g. body weight as indicated by the data 
of Hansard et al. (42) on beef calves. The average values 
4.5 thus obtained for the percent of Ca~ dose In the total blood 
of the two groups of calves, are shown in Figure 9. When 
expressed in this manner, there is no apparent difference be­
tween the two groups in the total amount of Cà^  taken into 
the blood, although there is some indication that the absorp­
tion took place more rapidly in the control calves. An 
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attempt was made, therefore, to determine the probability 
that the observed difference in average "peak" absorption 
time between the two groups was merely a chance occurrence. 
In order to do this, the time of the highest Ca"^  concentra­
tion in the blood was estimated graphically for each calf -
The values thus obtained are presented in Table 11, and the 
corresponding analysis of variance is shown in Table 12. 
These results give no substantial evidence to indicate that 
chlortetracycline feeding has any effect on the rate at which 
Ca45 Is taken into the blood following oral administration. 
4K 
Table 11. Estimated time of highest Ca concentration in 
the blood of calves 
Chlortetracycline group Control group 
Calf 
no. 
Time of highest 
concentration 
Calf 
no. 
Time of highest 
concentration 
(hours) ( hours ) 
4285 18.0 4286 15.0 
4314 21.0 4313 8.0 
4325 18.0 4365 19.3 
4354 15.0 4372 20.0 
4375 23.4 4380 10.0 
4376 19.0 4395 26.0 
4377 15.8 4430 16.0 
4386 20.0 4433 16.5 
Average 18.77 Average 16.35 
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Table 12. Analysis of variance on estimated times of 
highest Ga45 concentration in the blood 
Source of Degrees of Sum of Mean 
variation freedom squares square F 
Treatment 1 23.5 23.5 1.18 
Error 14 279-3 19.9 
Total 15 302-8 
Fecal excretion of Ca"^  
4_5 The average values for the fecal excretion of the Ca~ 
by the chlortetracycline and control groups of calves are 
presented graphically in Figure 10. The values obtained for 
individual calves are also given in Table 22 of the Appendix. 
The average cumulative difference between the two groups re­
flects a slightly different excretion pattern during the 
first three days, with the amount of Ca"^  excreted by the 
two groups being nearly the same during the last three days 
of the trial. An analysis of variance, shown in Table 23 of 
the Appendix, revealed that the average difference observed 
in the fecal excretion of the Ca~^  was of no statistical sig­
nificance. 
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Six-day calcium "balance study 
Data for individual calves on the intake of calcium from 
different sources and also the amount of excretion during a 
6-day balance trial are shown In Table 13. The total Intake 
of calcium due to dosage with the radioactive material, at 
the beginning of the trial, was negligible in comparison with 
the intake from the feed; however, the values are included 
in order to give a complete picture of the intake. The chlor­
tetracycline group of calves retained an average of 44.7# 
of the ingested calcium as compared to 35.5# for the control 
group; however, there was considerable variability among 
animals of both groups. As may be seen from the analysis of 
variance in Table 24 of the Appendix, the observed differ­
ences were of no statistical significance. 
It is interesting to note in Table 13 that the amount of 
total calcium excreted in the urine during the 6-day trial 
was very small in comparison to the total excretion. This 
fact is borne out also by the data on the total excretion of 
the radioactive calcium during the balance trial. An average 
of only 0.06# of the administered Qar^  was excreted via the 
urine, while an average of 56.87# was excreted in the feces 
during the six-day period. 
Table 13. Summary of six-day oalolum balance study 
Oalolum intake from: Calcium Amount retained 
Calf Ca45 Total excreted in: Total during 6-day 
no. Groupa Hay Grain dosage intake Urine Feces excreted period 
(gO (g . )  (É 50 (gO (gO (# 
4286 
4366 
CTC 
C 
76 
61 
.27 
.01 
125.30 
84.99 
.07 
.13 
201.64 
136.13 
.23 
.09 
132 
96 
.37 
.35 
132.60 
96.44 
69.04 
39.69 
34.2 
29.1 
4376 
4395 
CTC 
C 
77 
49 
.63 
.77 
139.47 
106.78 
.06 
1.13 
217.16 
157.68 
.18 
.27 
128 
96 
.99 
.47 
129.17 
95.74 
87.99 
61.94 
40.6 
39.3 
4325 
4313 
CTC 
0 
51 
13 
.21 
.69 
166.71 
103.51 
.10 
.09 
218.02 
117.29 
.24 
.08 
69 
92 
.36 
.57 
69.60 
92.66 
148.42 
24.64 
68.1 
21.0 
4364 
4380 
CTC 
0 
115 
91 
.34 
.53 
132.93 
108.96 
.12 
.06 
248.39 
200.55 
.66 
.35 
129 
122 
.74 
.38 
130.29 
122.73 
118.10 
77.82 
47.6 
38.8 
4375 
4286 
CTC 
C 
66 
56 
.24 
.25 
139.47 
125.30 
.06 
.07 
205.77 
181.62 
.27 
.31 
88 
132 
.83 
.50 
89.10 
132.81 
116.67 
48.81 
56.7 
26.9 
4314 
4433 
CTC 
C 
104 
115 
.27 
.45 
103.51 
131.84 
.09 
.18 
207.87 
247.47 
.24 
.85 
129 
138 
.12 
.75 
129.36 
139.60 
78.51 
107.87 
37.8 
43.6 
4386 
4430 
OTO 
0 
94 
92 
.39 
.77 
108.96 
131.84 
.06 
.17 
203.41 
224.78 
.35 
.31 
148 
139 
.76 
.12 
149.11 
139.43 
54.30 
85.35 
26.7 
38.0 
4377 
4372 
CTC 
0 
88 
62 
.67 
.11 
108.96 
137.73 
.06 
.05 
197.69 
199.89 
.20 
.35 
106 
105 
.68 
.49 
106.88 
105.84 
90.81 
94.05 
45.9 
47.0 
Average 
OTO group 
Average 
0 group 
212.49 
183.18 
116.73 
116.66 
95.48 
67.52 
44.67 
35.46 
aGTC = ohlortetraoyollne; C = control 
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Analyses made on bones removed 
upon sacrifice of the animals 
The relative specific activity of Ca^  at five weeks 
after administration of the isotope' was determined on one 
metacarpal from each calf. These values are shown in Table 
14. While the amount of total calcium per gram of bone ash 
was quite constant from one calf to another, there was con­
siderable variation among calves with respect to the amount 
A C 
of Ca present in the bone. This variation was such, more­
over, that the difference between the two groups did not 
approach statistical significance. 
A summary of the measurements of the amount of bone 
growth occurring between the time of Ca~5 dosage and slaughter 
after 5 weeks. is given in Table 15. The amount of growth of 
the bones in the chlortetracycllne-fed calves was consistently 
greater than that in the control group. Analyses of variance 
of these data, shown in Table 16, revealed that the differ­
ences between the two groups were statistically significant 
(p <" «05). This increased skeletal development in the 
antibiotic-fed calves may be considered as indicative of the 
over-all growth of the animals, since the chlortetracycline-
fed group gained an average of 8.9 lb. more weight than the 
control group during the last 5-week period. 
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Table 14. Relative specific activity of Ca in the 
metacarpals of calves 5 weeks after oral 
administration of 5 millicuries of the isotope 
Relative counts/ Relative counts/ 
Calf min- of Ca-5 per Total Ca/g. miri. of Ca45 per 
no. &roupa g. of bone ash of bone ash g. Ca 
(mg.) 
4285 CTC 47,650 387.3 123,031 
4565 C 70,063 388.2 180,482 
4376 CTC 46,213 389.7 118,586 
4595 C 66,656 388.8 171,440 
4325 CTC 62,609 386.3 162,073 
4313 C 52,411 387.9 135,115 
4354 CTC 52,268 388.6 134,503 
4380 C 66,039 384.8 171,619 
4375 CTC 64,823 387.9 167,113 
4286 c 45,921 386.1 118,935 
4314 CTC 48,516 388.9 124,752 
4433 c 51,313 387.4 132,455 
4386 CTC 45,451 389.3 116,750 
4430 C 44,962 387 .5 116,031 
4377 CTC 71,028 390.0 182,123 
4372 C 57,624 389.0 143,134 
Av. CTC group 141,116 
Av. C group 146,776 
aCTC = chlortetracycline; C = control 
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Table 15. Summary of bone measurements—distance between 
epiphysial-diaphysial junction at time of Ca-5 
dosage and at time of slaughter 5 weeks later 
Calf 
no -a Group0 
Femur 
(proximal 
end) 
Femur 
(distal 
end) 
Tibia 
(proximal 
end) 
Tibia 
(distal 
end) 
(mm. ) (mm.) (mm.) (mm. ) 
4285 CTC 5.50° 5.96 6.24 4.10 
4365 C 6.22 6.65 7.51 4.94 
4376 CTC 5.42 6.51 6.26 5.71 
4395 C 4.84 5.50 5.35 5.79 
4525 CTC 6.24 6.95 6.94 4.75 
4515 C 5.29 5.79 5.99 4.47 
4554 CTC 6.57 6.90 6.77 4.84 
4580 C 5.17 5.79 5.84 4.64 
4575 CTC 5-86 6.42 6.76 5.01 
4286 C 5.92 4.72 4.42 5.29 
4514 CTC 5.94 5.97 6.56 4.52 
4433 C 4.88 5.65 5.12 3.86 
4386 CTC 4.99 6.56 6.12 4.84 
4450 C 4.49 4.71 4.55 4.00 
4577 CTC 6.77 7.24 7.77 5.10 
4572 c 5.97 6.77 6.79 4.50 
Average 
Average 
CTC group 
C group 
5.89 
5.10 
6.51 
5.70 
6.65 
5.67 
4.85 
4.19 
aCalves no. 4285 and 4286 were kept in digestion stalls 
in the radio-tracer laboratory throughout the period of growth 
measured by use of the raaioautogrsphs. 
bCTC = chlortetracycline; C = control 
cEach value represents an average of eight measurements. 
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Table 16. Analyses of variance of bone measurements 
Source of Degrees of Sum of Mean 
variation freedom squares square F 
Femur, proximal end 
Treatment 1 2.49 2.49 5-58a 
Error 14 6.25 0.446 
Total 15 8.74 
Femur, distal end 
Treatment 1 2.66 2.66 6-65a 
Error 14 5.59 0.40 
Total 15 8.25 
Tibia, proximal end 
Treatment 1 3.85 3.85 5.12* 
Error 14 10.53 0-752 
Total 15 14.38 
Tibia, distal end 
Treatment 1 1.68 1.68 6.32* 
Error 14 3.73 0.266 
Total 15 5.41 
aP <.05 
Weights of Certain Internal Organs 
The weights of certain internal organs (heart, spleen, 
liver, kidneys, and thyroid gland) of the calves at the time 
of slaughter are shown in Table 25 of the Appendix. No evi­
dence was obtained to indicate that chlortetracycline feeding 
had any effect on the weight of any of these organs. 
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DISCUSSION 
Design of Experiment 
The calves used in this experiment were paired on the 
"basis of initial body weight for the purpose of eliminating 
the possible effect of size on feed consumption and thus on 
growth performance. Other factors not taken into account In 
the pairing evidently had a much greater influence than 
initial body weight on the performance of the calves, how­
ever, since the results indicate that pairing on the basis 
of weight had very little merit- The analysis of variance 
of the total weight gains, shown in Table 4, is illustrative 
of the results obtained. An extremely small "F" value of 
0-56 was obtained for pairs in this analysis, indicating that 
the variation among pairs was negligible and that the effi­
ciency of the experiment was not increased by pairing of the 
animals. 
The reason for loss of efficiency due to improper pair­
ing may also be appreciated by considering the differences 
between the members of the pairs. As indicated by Snedecor 
(142b), the variance of the differences obtained in samples 
from either correlated or noncorrelated populations is as 
follows : 
SB2 = sl2 + s22 " 2r12sls2 
In the case of the data mentioned above on total, weight gains, 
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the value obtained for the correlation coefficient (r) is 
-.301; therefore, a larger experimental error was obtained 
by- virtue of pairing than would have been obtained if group 
comparisons had been used. The variance of the mean differ­
ence calculated from the data on total weight gains was 67-71 
for the paired comparison method, as compared to 52.76 when 
group comparisons were assumed. It appears, therefore, that 
under conditions where only a limited number of animals be­
come available for an experiment over an extended period of 
time, pairing on the basis of weight would seldom, if ever, 
be advisable. Under such conditions, the second member of 
some pairs of animals would have to be started on experiment 
several months after the first animal, and, therefore, the 
two animals would be subjected to different environmental 
conditions which might have a more pronounced effect on growth 
performance than body weight. It appears, moreover, that 
pairing of the animals on the basis of season of birth would 
have considerable merit in such a situation. 
Growth and Feed Consumption 
The effect of chlortetracycline in increasing the growth 
and feed consumption of the calves in this experiment was, in 
general, the same as that observed by most workers (80); how­
ever, the highly variable and insignificant effect of the 
antibiotic during the 5- to 11-week period appears to be 
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worthy of further comment. Confinement in the digestion 
stalls at three different times during this period had some 
observable adverse effects on the calves, including a reduc­
tion in feed and/or water consumption in some cases. These 
effects were more noticeable during the first and second 
digestion trials than during the third trial, possibly be­
cause of the greater size and thrift of the calves at the 
time of the latter trial. At any rate, the results of this 
experiment suggest that observations on differences in 
digestibility of feed components by young calves due to the 
addition of antibiotic(s) may be of little, if any, value due 
to a lack of growth response under the environmental condi­
tions imposed by confinement in digestion stalls. This lack 
of growth response often may not be apparent, moreover, be­
cause only the final weight gains are used to evaluate the 
effect of the antibiotic(s). 
The amount of bone growth observed between the time of 
•4-5 Ca' administration and slaughter 5 weeks later leaves little 
doubt that the increased growth due to chlortetracycline 
feeding involves structural development of the animal. This 
has also been indicated in a less precise manner by a number 
of other experiments, cited by Lassiter (80), in which meas­
urements of such criteria as height at withers and chest 
circumference were made. Also, the results of rather exten­
sive studies by the Louisiana workers (73, 135) on the effect 
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of chlortetracycline on physical characteristics and chemical 
composition of carcasses of 12- and 16-week old dairy calves 
are in agreement with the findings of the present experiment. 
These workers concluded that the growth-promo ting effect of 
chlortetracycline on young dairy calves results in over-all 
body growth as indicated by bone and muscle weights and 
measurements. They suggested, moreover, that- certain endo­
crine systems are involved or that increased efficiency in 
nutrient utilization results from chlortetracycline feeding. 
Blood Reducing Sugar 
While the small average differences in blood reducing 
sugar values observed between the chlortetracycllne-fed and 
control calves during the 5th, 8th and 11th weeks of this • 
experiment were of no statistical significance, a somewhat 
different picture might have been obtained if weekly observa­
tions had been made throughout the experiment. Hibbs et al. 
(49) found no difference between blood glucose levels of 
chlortetracycline and control groups of calves up to 8 weeks 
of age, but found a significantly higher level in the 
antibiotic-fed group from 8 to 12 weeks. The growth response 
to antibiotic feeding occurred during the latter period also. 
Murley et al. (Ill) and Voelker et al. (155b) presented data 
indicating that glucose absorption is increased by feeding 
of certain antibiotics. Also, the latter authors found a 
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significant correlation of + 0.35 between body weight gains 
and blood reducing sugar values of young calves, irrespective 
of the effects of antibiotic feeding. Since no growth re­
sponse was produced by the chlortetracycline during the 5- to 
11-week period in the present experiment, it is not surprising 
that no differences were found in the blood sugar levels. 
Nonprotein Nitrogen Levels 
The lack of any significant difference between the anti­
biotic and control groups of calves with respect to blood non­
protein nitrogen levels in this experiment is in agreement 
with the recent findings of Lassiter et al. (81). These 
workers reported that chlortetracycline and oxytetracycline 
produced only a slight growth response in the calves in­
volved in their experiment and that neither antibiotic had 
any effect on the blood KPN levels. In an earlier experiment 
(82), however, These workers observed that calves which 
exhibited a significant growth response to chlortetracycline 
feeding had significantly lower average blood nonprotein 
nitrogen values than the control calves during the first 7 
weeks of life- During the remainder of the 12-week experi­
ment, the two groups were similar both with respect to growth 
rate and blood NPN levels. 
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Digestibility Trials 
The results of the digestibility trials indicated that 
chlortetracycline feeding was without effect on nitrogen or 
ash retention, or on the apparent digestibility of protein, 
cellulose or dry matter- These observations are in general 
agreement with the results of other workers (10, 49, 5-3, 81, 
82, 91, 111, 120) • The observations which were made on the 
behavior of the calves during the digestion trials may serve, 
however, as a basis for a number of suggestions relative to 
the conduct of digestibility studies with young calves. 
Since the consumption of grain and hay was so variable 
during the first digestion trial, it appears that digestion 
trials with very young calves (less than 6 weeks of age) 
might be better carried out by restricting the diet to either 
a liquid or semi-liquid material that would be more readily 
consumed than dry feed. This would, of course, involve 
studying the calf as an essentially monogastric animal, since 
such material would pass directly into the àbomasum of the 
calf. Another alternative in studies where rumen function is 
considered desirable would be to offer a limited quantity of 
.calf starter as the sole source of dry feed. The argument in 
favor of the latter procedure would be that more grain than 
hay is ordinarily consumed by very young calves, and, there­
fore, it should be easier to obtain a constant intake of 
grain alone than of both grain and hay. Also, a preliminary 
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period of at least 6 days should allow time for feed intake 
to become more nearly constant than was permitted by the 
shorter period of 3 days used in this experiment• 
The data obtained, in the present experiment, on feed 
intake during digestion trials conducted during the 8th and 
11th weeks of the calf's life also suggest that improved 
feeding techniques are needed. Since it would be desirable 
in most cases to include hay in the diet of 2- to 5-aonth-old 
calves, it appears that this might well be done by feeding a 
pelleted mixture of grain and hay. Thorough mixing in the 
preparation of such a mixture should also eliminate some of 
the inevitable variation in nutrient intake due to feeding 
of loose hay of variable quality. 
A reliable indicator method for use in digestibility 
studies with young calves would have considerable merit, 
since such a method would avoid some of the difficulties 
mentioned above in connection with conventional digestion 
trials. The recent reports of Sperber et al. (144c) and 
Hydéh (56b, 56c) on the use of polyethylene glycol as an 
indicator substance are interesting in this connection. 
These workers have indicated that this material, which is 
water soluble, is not absorbed during passage through the 
digestive tract and can be almost completely recovered from 
various biological materials. The feasibility of using this 
material as an indicator substance is presently being in-
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vestlgated at this station. 
Calcium Utilization 
A 5 
The administration of Ca to the calves at the beginning 
of the 12th week of the experiment and the subsequent prepara­
tion of rsdioau to graphs front bones removed upon sacrifice of 
the animals 5 weeks later proved to be a very useful tech­
nique for measuring bone growth during a specified period. 
Also, the radioautographs (Figure 6} showed very clearly 
.4.5 that the initial deposit of the G a' in the bones occurred 
largely in the regions of the epiphysial-diaphysial junction 
and the periosteum. 
The increased bone growth which paralleled the increase 
in weight gains of the antibiotic-fed calves during the last 
5 weeks of the experiment was presumably due to the increased 
feed consumption during this period. Moreover, the results 
presented in the previous section on the disposition of the 
orally administered Ca45 and on the total calcium balance 
study do not give any substantial evidence for any effect of 
chlortetracycline on calcium utilization by the dairy calf, 
per se. The average values for the percent of the Ca^  dose 
occurring in the blood and feces during the 6 days following 
administration were in good agreement, however, with values 
previously reported by Hansard et al. (45) on young calves. 
The data obtained in this experiment on the blood con-
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general conclusion that administration via capsule, as was 
done in the present experiment, is the preferred method. 
This, moreover, is the method which has been used by these 
workers (43, 44a) in studies on calcium metabolism. Never­
theless, it is the opinion of the present author that other 
methods for administration of radioactive isotopes to rumi­
nants should be considered if significance is to be attached 
to the ensuing blood concentration of the isotope. Adminis­
tration of an isotope via stomach tube would have the advan­
tage that the material could be deposited in a more central 
position in the rumen; however, the possibility of contamina­
tion and other difficulties associated with this means of 
administration might outweigh this advantage.. Another method 
which appears to have considerable merit would be that of 
intraruminal injection through the region of the paralumbar 
fossa. This could be accomplished by means of a double-
syringe technique such as that described by Hansard et_ al. 
(44b) for intravenous injection, so that the material could 
be washed into the rumen in a quantitative manner. Comparison 
of blood levels of an isotope following oral administration 
by the different methods which have been mentioned would give 
some very worthwhile information, in the opinion of the 
present author. 
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Additional Research Relative to Antibiotics 
in Animal Nutrition 
Although a tremendous amount of research has been con­
ducted for the purpose of determining the mode of action of 
antibiotics in promoting the growth of animals, there is as 
yet no clear-cut answer to this question. It is quite prob­
able that more than one mechanism is involved, and it is the 
opinion of the present author that our knowledge of some of 
the fundamental aspects of nutrition will have to be in­
creased further before these mechanisms are fully understood. 
It appears that much more information is needed on the 
effect of various changes in the intestinal (or ruminai) flora 
on the nutrition of animals, since there are many inconsis­
tencies in the information available at present on this sub­
ject. This fact has been noted with concern by various re­
viewers (18, 37, 68, 80). A great deal of uncertainty exists 
also (87, 159) with respect to whether some of the recent 
failures to obtain growth responses to antibiotic feeding 
may be due to the development of resistant strains of certain 
organisms of the digestive tract. Another area where con­
siderably more information is needed relates to the effect of 
various environmental factors on the nutritional requirements 
of animals. It is kncyn that certain environmental factors 
have either an adverse or favorable effect on the growth and 
well-being of animals, but there is a need for a quantitative 
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measure of these effects. If such Information were available, 
the possible role of antibiotics in preventing or overcoming 
the condition of physiological stress could perhaps be better 
understood, also. 
Finally, it appears to the present author that it would 
be highly desirable for more research workers to use a puri­
fied product in their investigations on antibiotics or other 
feed additives, since much of the confusion about this subject 
has undoubtedly been caused by use of different fermentation 
products containing the antibiotic(s). There is some reason 
to believe, moreover, that some of the effects which have 
been attributed to antibiotics were actually due to the 
presence of some other factor in the material fed as a source 
of the antibiotic(s). 
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SUMMARY 
Sixteen male dairy calves (12 Holsteins, two Brown Swiss, 
two Ayrshires) were used to study the effect of chlortetra­
cycline, fed at a level of 80 mg. per day, on growth and 
nutrient utilization. Conventional digestion trials were 
conducted during the 5th, 8th and 11th weeks of the experi-
45 
ment. At the beginning of the 12th week, 5 mc. of Ca was 
administered orally to each calf for the purpose of studying 
calcium metabolism and of obtaining a measure of bone growth 
during a specified period of the calf's life. Upon sacrifice 
of the animals at the end of 16 weeks certain bones were re­
moved for chemical analysis and for use in preparing radio-
autographs . 
The average weight gain for the entire experiment (16 
weeks) was 164.1 lb. for the chlortetracycline calves as com­
pared to 145.4 lb. for the control calves; however, very little 
difference in gains was observed between the two groups during 
the 5- to 11-week period. Measurement of the amount of bone 
growth during the last 5 weeks of the experiment, by use of 
the radioautographs, showed very clearly that the greater 
weight gains of the antibiotic-fed calves as compared to the 
controls were paralleled by greater skeletal development. 
Only slight differences were found between the two 
groups of calves with respect to blood levels of reducing 
sugar and nonprotein nitrogen during the 5th, 8th and 11th 
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weeks. 
The results of the three digestion trials gave no evi­
dence that chlortetracycline feeding had any effect on ash or 
nitrogen retention or upon the apparent digestibility of 
cellulose, protein or dry matter by young dairy calves. 
No substantial evidence was obtained either from studies 
on the disposition of the radioactive calcium or from the 
total calcium balance study, conducted during the 12th week 
of the experiment, to indicate that chlortetracycline has any 
effect on the calcium utilization of the calf. 
Chlortetracycline feeding was not found to have any 
effect on the relative weights of the heart, liver, spleen, 
kidneys or thyroid gland at 16 weeks of age, when the weight 
was expressed as a percentage of body weight. 
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APPENDIX 
Table 17. Weights of oalves throughout the experiment 
Calf Q . Week 
v,- ~ 4-° n 1 o % A R A no. Treatment 0 1 2 3 4 6 6 7 8 9 10 11 16 
(lb.) 
4285 G TO 95 98 104 115 122 130 142 »e* ne 165 181 185 198 262 
4366 0 91 95 99 104 107 119 125 135 — 162 172 182 248 
4376 GTC 96 92 99 109 118 127 138 144 150 161 172 177 247 
4396 0 92 95 100 107 117 127 140 152 164 180 181 187 255 
4326 GTC 98 102 104 113 119 120 134 139 144 148 160 170 242 
4313 0 97 91 96 98 109 121 133 140 148 166 168 180 236 
4354 GTO 98 100 108 116 119 135 149 167 164 174 187 211 276 
4380 0 98 98 107 108 114 124 134 145 169 168 168 186 244 
4376 GTO 102 100 109 128 128 142 158 163 175 186 191 202 272 
4286 0 104 100 106 114 116 126 138 152 156 166 174 180 227 
4314 GTC 108 105 110 131 134 148 157 166 174 184 189 205 277 
4433 0 118 126 132 140 147 156 168 176 186 193 204 219 283 
4386 GTO 119 120 131 139 145 155 167 166 178 201 212 218 288 
4430 0 106 105 112 128 133 143 150 149 164 171 194 200 255 
4377 GTO 91 91 97 102 106 116 130 140 150 167 185 193 265 
4372 G 85 84 88 92 98 106 114 125 129 135 144 146 206 
a0T0 = ohlortetracycline ; C = control 
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Table 18. Summary of statistical 
digestion trial 
analyses of data on first 
Criterion 
s tudied 
Source of 
variation 
Degrees 
of freedom8-
Mean 
square F 
Nitrogen 
retention 
Treatment 
Error 
1 
13 
151.5 
140.5 
1.08 
Apparent protein 
digestibility 
Treatment 
Error 
1 
14 
36.5 
23.1 
1.58 
Apparent cellulose 
digestibility 
Treatment 
Error 
1 
14 
6959.7 
2310.1 
3.01* 
Ash retention Treatment 1 302.9 1.85 
Error 13 163.5 
0^ne degree of freedom lost because of a missing datum 
in some cases. 
bP = ca. .10 
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Table 19. Summary of statistical 
digestion trial 
analyses of data on second 
Criterion 
measured 
Source of 
variation 
Degrees 
of freedom5-
Mean 
square F 
Nitrogen 
retention 
Treatment 
Error 
1 
13 
21.9 
221.7 
0.10 
Apparent protein 
digestibility 
Treatment 
Error 
1 
13 
21.6 
24.0 
0.90 
Apparent cellulose 
digestibility 
Treatment 
Error 
1 
13 
39.8 
439.9 
0.09 
Apparent dry matter 
digestibility 
Treatment 
Error 
1 
13 
15.0 
24.3 
0.62 
Ash retention Treatment 1 0.1 0.00 
Error 13 222.3 
aDegrees of freedom were reduced by one because of a 
missing datum. 
127 
Table 20. Summary of statistical analyses of data on third 
digestion trial 
Criterion 
measured 
Source of Degrees Mean 
variation of freedom square F 
Nitrogen 
retention 
Treatment 
Error 
1 
14 
55.9 
73.5 
0.76 
Apparent protein 
digestibility 
Treatment 
Error 
1 
14 
4.8 0.25 
18.2 
Apparent cellulose Treatment 
digestibility 
Error 
1 
14 
202.4 0.92 
219.2 
Apparent dry matter Treatment 
digestibility 
Error 
1 
14 
17.1 1.92 
8.9 
Ash retention Treatment 
Error 
1 
14 
17.0 0.09 
191.0 
Table 21. Amount of Ca45 dose in the blood of oalves at certain intervals 
•following oral administration 
0 alf , Hoursa 
no. Group 1 4 8 12 16 20 22 24 
{% of dose/100 ml. x 103) 
4285 OTO 0.0860 0.8095 2.8584 3.8526 — — — — 4.4118 4.0060 
4365 C 0.0252 1.6902 3.9735 5.3283 6.4932 6.1944 — 5.9016 
4376 OTO 0.0506 0.4428 3.2776 4.6888 4.9973 6.1415 5.0316 
4395 C 0.3082 2.3519 4.8808 4.5726 6.6321 6.2687 —  —  6.1595 
4325 OTO 0.0607 2.0525 5.2532 5.0471 we 7.2637 6.5206 
4313 0 0.0535 3.3847 6.4244 5.3341 — — — 5.1371 4.6499 
4354 GTC 0.1568 2.8145 6.6124 5.7747 •w w 5.3325 5.8680 
4380 0 0.4316 4.5151 7.3086 6.6923 6.8605 6.4443 — —  5.9372 
4375 OTO 0.1811 0.7782 2.3128 3.7590 3.9894 5.1154 5.3464 
4286 0 0.1568 1.3345 3.9590 4.9450 — —  — —  4.4258 4.1680 
4314 GTC 0.0979 1.0658 2.3188 3.2804 5.0663 4.8690 
4433 0 0.4954 2.7159 4.1926 4.7978 4.8873 4.9398 4.3076 
4386 GTO 0.1841 2.3179 2.6671 3.3365 3.6657 3.8397 3.5598 
4430 0 0.1593 2.4676 3.7085 3.6412 4.5751 4.1626 
— 4.0549 
4377 GTC 0.2762 4.1126 4.3241 4.1571 5.0235 5.1379 4.6298 
4372 C 0.1087 4.2717 5.6724 5.7149 5.9614 6.8880 — — 6,1183 
Av. OTO group 0.1367 1.7992 3.5780 4.2370 4.9789 
Av. 0 group 0.2173 2.8414 5.0150 5.1283 — — — — 5.1621 
aThe first six calves on the experiment (4285, 4286, 4313, 4314, 4325, 4354) 
were bled at 22 and 26 hours instead of 16 and 20 hours. 
G^TC = ohlortetracyoline; 0 = control 
Table 21. (Continued) 
Calf , Hoursa 
no. Group0 26 30 36 48 72 96 120 144 
(% of dose/100 ml. x 1C i3) 
4285 CTC 3 .7534 3.6345 3.5644 2.8182 1.6848 1.0399 0.7439 0.5702 
4366 C — 6.1154 5.8558 4.1154 2.3363 1.4728 1.0651 0.8785 
4376 CTC 4.9349 3.7569 3.0229 1.5607 0.8671 0.6347 0.5079 
4395 C — — 6.0541 6.0868 4.8565 2.8836 1.8116 1.1545 0.8918 
4325 CTC 6 .2539 5.9852 5.5034 4.5659 2.9945 2.0875 1.2953 0.9044 
4313 C 4 .8348 4.0816 3.6534 2.9161 1.5280 0.9620 0,8159 0.6871 
4354 CTC 4 .9344 4.0190 3.8381 3.2424 1.6455 1.0132 0.6912 0.5876 
4380 C — - 5.2166 4.7597 3.9698 2.0976 1.1727 0.8224 0.5155 
4375 CTC 5.0318 4.2017 3.4999 2.5160 1.6749 1.4758 0.9671 
4286 C 4 .0071 3.8323 3.4037 2.9552 1.5058 1.1903 0.9524 0.5872 
4314 CTC 4 .5800 4.6065 3.5962 2.6120 1.4722 0.9875 0.7712 0.5732 
4433 C — —  3.9608 3.7126 2.9739 1.7705 1.2470 0.8135 0.6549 
4386 CTC 3.5652 3.5663 3.4330 2.0615 1.4534 0.9217 0.6542 
4430 C — 3.4009 2.8822 2.3923 1.3293 0.9247 0.7008 0.5368 
4377 CTC «Mwfc 4.1793 3.4206 3.2608 1.8909 1.1590 0.7784 0.5298 
4372 0 6.0002 5.2971 4.4007 2.4988 1.2961 1.0202 0.8171 
Av. CTC group 4.4945 3.9309 3.3069 1.9783 1.2853 0.9140 0.6618 
Av. C group — — 4.8327 4.4564 3.5725 1.9937 1.2596 0.9181 0.6961 
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Table 22. Fecal excretion of Ca4^  by individual calves 
following oral administration 
Total for 
Calf Treat- Day 6-day 
no - menta 1 2 3 4 5 6 period 
{% of administered dose) 
4285 CTC 22.14 20 .00 7.96 3.48 1 .74 0.77 56 .09 
4365 C 11.21 19 .31 10.96 4.45 2 .30 0.87 49 .10 
4376 CTC 20.77 34 .76 8.97 2.90 0 .98 0.34 68 .72 
4395 C 14.40 24 .82 12.85 4.46 2 .60 0.83 59 .96 
4325 CTC 7.34 16 .48 9.69 5.56 2 .36 1.10 42 .53 
4313 C 16.99 24 .54 8.96 3.81 1 .45 1.48 57 .23 
4354 CTC 17.40 21 .73 8.96 3.13 1 .44 0.53 53 .19 
4380 C 19.65 18 .38 8.74 4.30 1 .30 0.51 52 .88 
4375 CTC 7.01 19 .95 10.23 5.17 3 .05 1.82 47 .23 
4286 C 15.81 20 .09 12.06 4.97 3 .16 1.52 57 .61 
4314 CTC 16.05 24 .80 8.49 3.53 1 .53 1.13 55 .53 
4433 C 18.38 23 .93 7.17 5.04 3 .72 1.57 59 .31 
4386 CTC 14.31 23 .30 15.82 6.74 2 .69 1.00 63 .86 
4430 C 17.97 32 .20 12.11 4.62 2 .12 0.86 69 .88 
4377 CTC 17.90 17 .20 8.66 3.96 1 .74 0.92 50 .38 
4372 C 20.97 27 .64 11.24 3.70 1 .62 0.77 65 .94 
Av. CTC i group 15.36 22 .28 9.85 4.31 1 .94 0.95 54 .69 
Av. C group 16.92 23 .86 10.51 4.42 2 .28 1.05 59 .05 
aCTC = chlortetracycline; C = control 
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Table 25. Weights of certain internal organs of calves at 
16 weeks of age 
Calf Treat- b 
no. menta Heart Spleen Liver Kidneys Thyroid 
(g./100 lb. body weight) 
4285 CTC 238.1 115.1 821.4 168.7 5.15 
4365 C 205.6 92.7 729.8 181.5 4.32 
4376 CTC 214.6 89.1 823.9 193.5 4.49 
4395 C 213.7 78.4 762.7 177.6 3.78 
4325 CTC 231.8 111.6 719.0 219.0 3.32 
4313 C 229.7 81.4 796.6 203.4 3.15 
4354 CTC 224.6 101.4 738.0 170.3 4.34 
4380 C 227.9 113.9 830.7 207.8 4.90 
4375 CTC 232.4 84.2 706.6 179.0 5.44 
4286 c 255.5 103.5 788-5 204.8 4.36 
4314 CTC 225.6 94.6 779.8 166.1 3.24 
4433 C 249.8 101.1 756.9 204.9 3.29 
4386 CTC 217.0 93.7 655.9 141.3 , 1.96 
4430 C 222.0 112.5 685.1 172.9 3.54 
4377 CTC 228.3 101.9 729.1 186.0 6-98 
4372 c 229.1 89.8 798.5 158-0 2-12 
Av. CTC group 226-5 98.9 746.8 178-0 4.36 
Av. C group 229-2 96-7 768-6 190-1 3.68 
aCTC = chlortetracycline; C = control 
°The thyroid glands were frozen and thawed before being 
weighed. 
